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EVALUATION 


Continuing  advances  in  the  technologies  supporting  wideband 
communications  and  information  handling  are  leading  to  extremely 
large  volume  digital  data  systems.  Tactical  exploitation  of  data 
for  command  and  control  applications  requires  immediate,  real-time 
readout  of  recorded  data.  Techniques  have  been  demonstrated  that 
possess  the  required  bandwidth  capabilities,  however,  they  do  not 
possess  the  required  immediate  readout  capability  essential  to  the 
tactical  commander 

Presented  are  the  results  of  a two  phased  study.  Phase  I 
concerned  an  Investigation  of  techniques  to  extend  wideband  digital 
magnetic  recording  to  accommodate  input/output  rates  of  1.0  gigabit 
per  second.  Areas  of  concern  included  track  density,  linear  area 
and  volumetric  packing  densities  and  bit  error  rate  in  a two  inch 
longitudinal  format.  Phase  II  coupled  the  high  density  digital 
technology  with  fast  stop/start/shutt le  technology  for  rapid  access. 
A computer  tape  station  modified  for  2 inch  video  tape  and  vacuum 
buffers  was  employed  as  a test  bed. 


vlti 


SECTKDN  1 


INTRODUCTION 


This  final  report  of  the  New  Technology  Study  on  Ultra  Wideband  Digital  Recording 
Techniques  Is  organized  to  follow  as  nearly  as  practical  the  directions  provided  in  the 
Statement  of  Work,  PR  1-6-4087  dated  5 July  1975. 

The  first  section  is  compiled  as  a sub  unit  that  summarizes  the  complete  program  and 
can  be  extracted  as  a quick-look  for  wide  distribution. 

The  second  section  encompasses  Phase  I and  is  divided  into  four  major  areas. 

The  third  section  encompasses  F*hase  II  and  is  divided  into  six  areas,  including 
recommendations  for  a Follow-On  program. 

The  remaining  sections  contain  support  Information  for  this  report. 

1.1  PROGRAM  SUMMARY 

1.1.1  Technical  Problem 

The  amount  of  data  that  will  be  available  as  a result  of  high  data  rate  communication 
systems  will  cause  gross  changes  In  data  management  techniques  by  the  1980  time 
frame.  Tactical  exploitation  requirements  for  command  and  control  applications 
demand  immediate  or  real-time  readout  capabilities.  The  approach  most  consistent  with 
a real-time  or  Instantaneous  readout  is  magnetic  recording.  Although  techniques  exist 
which  can  accommodate  these  data  rates  (laser  holographic),  they  do  not  possess  a 
real-time  readout  capability  essential  to  tactical  situations. 
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1.1.2  General  Methodology 

The  Investigative  procedure  employed  on  this  pro":ram  is  in  two  segments;  I’hase  I 
concentrated  on  the  study  and  Investigation  of  techniques  necessary  to  extend  wideband 
digital  magnetic  recording  to  accommodate  Input/output  rates  of  1 gigabit  per  second. 
Phase  11  concentrated  on  coupling  this  technology  (high  density  digital)  with  fast  stop/ 
start/shuttle  technology  for  rapid  access  for  exploitation  purposes.  The  end  item  of 
this  program  was  a feasibility  demonstration  of  the  Phase  11  objective  and  this  final 
report  detailing  the  techniques  Investigated. 

1.1.3  Technical  Results 

This  study  has  resulted  In  an  optimum  system  design  approach  for  a fast  access  IGb/s 
data  recording/retrieval  subsystem.  A modified  computer  tape  station,  as  shown  in 
Figure  lA,  resulted  from  the  incorporation  of  a 2 inch  vacuum  capstan,  2 Inch  wide 
tape  vacuum  columns  and  bins,  calibrated  reel  motors,  NAB  typx,*  reel  hubs,  pneumatic 
subsystems,  and  electrical  Interconnections.  Detailed  experiments  were  performed 
on  the  vacuum  capstan  torque  and  coefficient  of  friction  using  back  coated  tape.  Heel 
motor  parameters  were  calculated  and  measured  as  to  their  acceptability  in  the  system. 
In  addition,  test  data  was  obtained  from  a parallel  study  program,  using  newly  de- 
veloped recording  technologv’,  at  up  to  50,000  bits/inch  linear  bit  packing  density  on 
standard  video  magnetic  tape  (Figure  IB).  The  improvement  gained  shows  that  the 
new  technology  hardware  is  achieving  at  10,000  bits/inch  what  the  original  IIDMH  hard- 
ware achieved  at  20,000  bits/inch.  The  bit  error  rate  (BER)  shown  is  uncorrected. 

The  firror  Model  and  Error  Detection  and  Correction  techniques  developed  have  shown, 
by  comixjter  simulation,  that  a 100:1  improvement  can  easily  be  made  In  BER. 

1.  1.1  Inqdications  for  IXiture  Research 

The  iKJsitive  results  of  this  small  scale  study  indicates  that  a follow-on  program 
.should  be  highly  successful.  I hls  follow-on  program  would  provide  test  Jtnd  evaluation 
of  the  fast  access  tr;uis|x)i-t  design  develo))ed  on  the  present  study  program.  Coupling 
this  tr;uis|)ort  with  the  high  packing  density  record  techniques  shown  here  should  pro- 
vide data  storage  iuid  retrieval  equipment  wliich  meets  the  Air  Force  goals. 
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SECTION  2 


PHASE  I:  ULTRA  HIGH  DENSITY  DIGITAL  RECORDING  TECHNIQUES 

STUDY  REPORT 

2.1  TECHNOLOGY  GOA I.S 

Real  time  readout  capabilities  of  high  data  rate  communications  from  a storage  medium 
Is  necessary  to  meet  the  data  management  requirements  of  the  19803,  The  approach 
most  applicable  for  tactical  exploitation  of  access  and  control  of  this  data  is  magnetic 
recording. 

This  study  addressed  these  goals  and  investigated  and  demonstrated  the  techniques 
necessary  to  advance  high  density,  digital  magnetic,  longitudinal  recording  technology 
to  accommodate  input/output  rates  of  1 gigabit  per  second.  Areas  requiring  investi- 
gation are:  (1)  optimum  data  recording  codes  for  optimum  packing  density,  signal  to 
noise  ratio  and  resolution,  (2)  optimum  head  design  to  minimize  crosstalk,  skew, 
azimuth,  noise,  and  record/reproduce  losses,  (3)  optimum  tape  transport  configura- 
tion, including  the  impacts  of  wide  tape,  high  tape  speeds,  and  size  and  location  of 
vacuum  chambers. 

The  following  design  objectives  were  explored: 

Packing  density:  50  Kilobits  per  inch  Bit  Error  Rate;  1 in  10 
Minimum  tape  reel  diameter:  14  inches 
Minimum  tape  width:  2 inches 

2.2  FUNDAMENTAL  LIMITS  OF  MAGNETIC  RECORDING  TECHNOLOGY 

RCA  has  identified  the  fundamental  limits  of  magnetic  recording  technology  including 
the  number  of  bits/flux  reversal,  minimum  bit  error  rate  in-track  packing  density, 
cross-track  packing  density,  flux  reversals/inch  and  limits  to  the  performance  of 
magnetic  head  materials.  The  detailed  designs  of  existing  items  were  reviewed  to 
ensure  that  the  time  obstacles  to  major  Improvements  are  defined.  The  principal 
recording  technology  components  Investigated  are; 
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Head/tape  Interface 
Hecord/reproduce  response  & losses 
Magnetic  head  materials  and  fabrication 
Modulation  coding 

Error  detection  and  correction  coding 
Track  Density  Tradeoffs 

2.2  1 Modulation  & Coding 

In  the  area  of  modulation  and  coding  there  are  no  severe  limitations  as  to  techniques 
and  design  approaches  within  the  known  Information  theoretic  bounds.  The  perform- 
ance limitations  are  primarily  those  of  the  recorder  analog  channel  (write  transducer, 
medium,  read  transducer).  From  the  point  of  view  of  hardware  mechanization,  the 
current  state  of  the  art  of  high  speed  logic  devices  and  LSI  design  has  removed  the 
last  limitations  to  sophisticated  and  complex  signal  processing  circuitry. 

The  limits  of  the  present  analog  channel  are  presented  in  graphical  form  on  the  fol- 
lowing 2 pages.  The  modulatlon/coding  study  was  a two  step  process;  first  using 
the  present  analog  channel  model  and  finally,  using  the  Improved  analog  channel  results 
from  the  head  and  head-tape  Interface  studies,  the  analog  channel  can  be  fully  charac- 
terized by  its  S/N  and  amplitude  response  (Figure  2),  drop  out  rate  and  distribution 
(PTgure  3)  and  phase  response  (read  function  = 90®,  inter-symbol  interference  = 10^}, 
group  delay  = 50ns ). 

2.2.2  Tape  & Head  - Tape  Interface 

In  the  area  of  tape  and  head-tape  Interface,  the  primary  limitations  in  the  present 
approach  to  higher  density  recording  are  the  scale  factors  of  the  head-tape  geometry 
and  physics.  The  limiting  tape  and  head-to-tape  interface  larameters  are  listed  below: 

Scale  Factor  Induced,  Limiting  Items  (See  following  definitions  of  terms) 

- Head-to-tape  separation  (d) 

- Tape  dropouts  (D.O.)  related  to  d/X 

X - Tape  particle  size  (p) 

X - Particle  retcnHvlty  (pr) 
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Figure  2. 
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DROPOUT  DATA  ON  CURRENTLY  AVAILABLE  TAPES  WERE 
TAKEN  TO  PROVIDE  THE  "FADE"  CHARACTERIZATION  OF 
THE  PRESENT  AND  PROJECTED  RECORDER/REPRODUCER 
ANALOG  CHANNEL. 

THE  CONCLUSION  DRAWN  FROM  THIS  TEST  DATA  IS  THAT 
THE  TAPE  MOST  LIKELY  TO  BE  USED  FOR  THE  PROJECTED 
APPLICATION  WILL  BE  A VIDEO  TAPE  AND  NOT  A SO  CALLED 
"PCM  TAPE". 

Figure  3.  Analog  Channel  Drop  Out  Rate  & Distribution 
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X 
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Tape  areaAjlt 

length 

width 

Tape  oxide  thickness 
Particle  uniformity 
factors 


(1)  1 = X/2  = 2g  assumed 

(w)  track  size 

(c) 

distribution  of  particle  sizes,  He,  Br, 
orientation. 


Quantity  of  particles  (q)  determines  read  voltage 
within  2g  of  head  gap 
Tape  Self  demagnetiza- 
tion factor  (a)  M"/ln  dependent  on  Br/Hc  ratio 


pC)  factors  are  limited  by  use  of  available  tape 


d Limits 

The  items  labeled  (X)  are  strictly  tape  dependent  and  we  are  limited  to  the  best  tape 
available  which,  at  this  time.  Is  Memorex  MRX-716.  The  balance  of  the  listed  Items 
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are  at  least  partially  dependent  on  the  "composite"  head-to-tape  separation  (d),  which 
has  always  been  called  "distance  between  head  and  tape",  but  which  is  in  the  true 
physical  sense  a four  dimensional  number,  (d)  varies  across  the  track,  (w)  varies  along 
the  track,  (1)  varies  considerably  when  considered  as  the  distance  between  the  head 
and  the  mean  position  of  the  tape  particles  (q)  and  all  three  vary  with  time.  This  com- 
posite effort  can  be  listed  as:  + d^  + dg  + d^  where: 


(dj)  dc  term 
(d^)  ac  term 


(average  d)  10ft" 

(tape  roughness)  Oft”  pp 


(d)  burst  noise  term  (tape  dropouts /imperfections)  extremely  variable  - no 
^ independent  measurements. 


(d^)  dx/dt  term 


(d}mamic  response) 


d , d , and  d are  spatial  and  physical  static  tape  properties,  d is  the  result  of  d , 

1 2 3 4 1 

d and  d interfacing  with  a fixed  head  contour  under  sliding  conditions,  in  the  presence 

2 3 

I of  a fluid  (air)  and  is  the  dynanic  response  factor  given  all  of  the  above  Inputs,  d^, 

d and  d are  given  and  fixed  by  the  available  tapes,  d is  the  only  limiting  item  which 
^ ^ o ^ 

can  be  addressed  by  this  study.  It  is  also  an  area  which  lends  itself  to  computer 
analysis. 

Definition  of  Terms  & Limits 

g = head  gap  length 

He  = tape  coercivlty  in  Oersteds  (Oe) 

Br  « tape  retentlvity  in  gauss 

p * mean  tape  particle  size 

aclcularlty  » length/diameter  of  tape  particle  (p) 

Tape  squareness  ■ Br/Bs:  each  particle  has  a Br/Bs  of  1.0  (square  loop);  particle 
distribution,  orientation,  etc. , reduce  this  ratio  considerably  and  variably. 

Bs  ■ mean  saturation  flux  density,  which  saturates  all  of  tape,  producing  the 
maximum  Br. 
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Orirntatlon  = degree  of  aeieular  particle  alignment  reiatlve  to  desired  axis  of  mag- 
netization (1.0  is  pt'rfect,  0.5  is  random). 
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p Limits 


The  tape  particle  size  Is  nominally  12 /i".  This  limits  the  shortest  useable  X to  the  value 
p,  at  which  A the  tape  magnetization  will  be  zero.  Because  p varies  2:1,  this  null  Is 
never  zero,  but  the  net  effect  Is  loss  of  ordered  signal  orientation.  For  presently 
available  tapes,  p limits  Xto  24^"  which  limits  FR  to  12/i".  The  20 FR  (goal)  will 
suffer  an  estimated  4dB  loss  due  to  FR  = 1.7p.  (See  Figure  4.) 

Combined  d,  c and  g Losses 

Assumed:  head/tape  separation  (d)  = lOp" 
gap  length  (g)  = 10p" 

oxide  thickness  (c)  = lOOM" 

The  d,  c and  g read  losses  are: 

Spacing  loss  (L^)  = 54  d/  X (dB)  (Westmljzil 


Figure  4,  Loss  Factor  of  Mean  Particle  per  Data  Bit 
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Thickness  loss  (L  ) = 16dB  @ C = X + 6dB/Octave  = 20  log,.  n (WestlmijzIJ 

1-e  c/X 


Aperture  loss 

(V  = 

20  1og^o[- 

Sin  JTg/X  ,, 

(Wallacel 

FR/IN 

= 

20K 

25K 

50K 

X 

= 

100 

80 

40 

'^d 

= 

5.4 

6.8 

13.5 

dB 

L 

— 

16 

18 

24 

dB 

c 

L 

S 

0 

0 

1 

dB 

e 

Total 

= 

21 

25 

39 

dB 

Therefore  a 14dB  increase  in  S/N  is  needed  to  make  up  read  losses  Incurred  in  going 
from  25K  to  50K  FRAN.  This  effect  is  shouii  on  the  following  chart  (Figure  5)  as  a 
function  of  FR/IN. 

(a)  Loss 

For  available  tapes,  (a)  Is  limited  to  0.  5t'  which  is  50m"  for  saturation  of  full  oxide 
on  standard  tape. 

FR  = 2a  maximum 

Bit  Squareness  Limit  (wA) 

Recording  a flux  reversal  (data  bit)  on  tape  with  a format  of  20  m"  by  .025"  is  approach- 
ing the  scale  factor  (w/l)  limit  where  the  system  tape  skew  and  head  azimuth  errors 
will  smear  or  wipe  out  the  read  signal.  For  a nominal  tape  skew  of  100  m "/in 
the  skew  error  across  a .025"  track  is  2.5m  " or  12%  of  FR,  which  is  beginning  to 
effect  the  read  signal  by  crosstalk  between  bits  (Intersymbol  Interference). 

The  head  gap  must  also  be  straight  within  lO*)?  of  the  FR  (2  m")  to  keep  the  signal  ampli- 
tude smear  below  IdB.  For  separate  read/write  heads,  the  gaps  must  maintain  azimuth 
parallel  within  0.004*.  Both  of  these  factors  are  at  the  limits  of  mechanical  tolerances. 
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CH  (XIOOO) 


Two  Is  about  the  limit  that  material  can  be  polished,  therefore  any  head  gap  will 
have  at  least  2p"  of  edge  wander  due  to  surface  finish  alone,  plus  2-10m"  of  drift  due 
to  stress  etc.  For  these  reasons,  lOp"  gaps  should  be  limited  to  use  at  W = 10  mils. 

@ 20n"  llmlt/TRK  Track  width  (Mils) 


20 

J_ 

limiting  skew 

800 

2000 

p"/IN 

tolerable  skew 

80 

200 

m’7in 

limiting  gap  az 

.04 

.07 

degrees 

tolerable  gap  az 

.004 

.007 

degrees 

Table  1 lists  the  discussed  scale  factor  limiting  Items. 


2.2.3  Magnetic  Heads 


In  the  area  of  magnetic  heads,  the  most  severe  limitation  is  the  head  read  efflclency. 
We  are  presently  not  reading  tape  noise  by  about  10-12dB.  The  second  most  severe 
limitation  is  the  length  of  the  write  magnetization  transition  zone.  We  do  not  know  if 
we  are  tape  demagnetization  limited  (a)  or  record  field  gradient  limited,  or  single  turn 
slew  rate  (amps /sec)  limited.  The  total  write  system  is  presently  useful  only  up  to 
33 K FR/IN. 


Present  read  limitations  are: 

preamp  noise  floor  ■ 

Head  Kff.  - S/N 
Write  FR  Gradient  = 


0.056 ft  Vrms/turn 
25dB  (excluding  dropouts) 
2 (-  t/a) 


Read/W'rlte  Process 

The  following  describes  the  read/write  process  which.  In  combination  with  the  read/ 
write  head,  limits  the  analog  channel  performance. 
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1.  Magnetization  of  Tape  a)  Varies  according  to  field  strength,  direction  and 

duration. 

b)  Highly  non-linear  at  particle  lev»-l,  but  linearizes 
with  short  X. 

c)  Varies  due  to  particle  clumping,  size  A and 
proximity  A . 

d)  Distorted  by  tap<‘  movement  during  fi«  ld  change 
(dx/dt). 

• Caused  liy  interaction  of  piirticle  intrinsic  fields 
after  removal  of  record  field. 

• Also  caused  by  incri'ase  in  particle  intrinsic 
demag  field  after  removal  of  Hip  Field  Shunt  (Mead). 

• Varies  due  to  (c)  and  (d)  above. 

• Presence  of  Mi  p head  reduces  these  fiehls  and 
concentrates  them  in  the  head. 

• Head  field  is  a summation  of  the  fields  of  all 
particles  in  the  vicinity  of  the  head  (gap), 

• V'ariation  of  the  field  in  the  head  generates  voltage 
in  the  head  output  wire  (d<l>Alt). 

2.3  IMPMOVFMKNTS  HKgUDlKI)  TO  ACHIKVF  PHOGMAM  (ioAi;^ 

2.3.  1 I’resent  System  Fosses 

The  losses  incurred  in  the  present  system  can  b<‘  calculated  if  the  ideal  lossless  p«*r- 
fomiance  level  is  known  and  the  present  system  performance  levels  are  measured. 

The  following  calculations  start  from  the  ideal  digital  channel  probability  of  «“rror 

-5 

(HI  M)  vs  S/N.  The  minimum  HI  H of  10  n-quires  a channel  S/N  of  11.  r>dH  with  no 
dropouts.  To  achieve  this  S/N  a minimum  of  200  tap<'  particles  is  re(iuired  which 
limits  the  track  width  to  3Hp"  or  26,300  tracks/inch  absolute  maximum. 

The  ideal  read  signal  for  an  Ideal  block  of  magnetized  particles  is  calculated  to  be 
smv  for  the  present  M mil  track  and  HO  turn  head  at  120  in/s  at  any  HIM.  This  is  valid 


2.  Self  Demagnetization 
of  Tape 


3.  Read  Process 
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in  an  idt  al  losslnss  systrm  bcoausi'  the-  Gdn/octave  loss  of  tape  magnetization  (MMF), 
thickness  loss  (c),  is  offset  by  the  Odn/octaye  gain  in  d0/dt. 

The  write  (recortit  losses  are  calculated  to  cause  a 12dB  reduction  In  the  aboye  assumed 
MMF  which  also  causes  the  12dB  octaye  record  loss  variation  in  tapes  when  the  re- 
corded signal  wavelength  (A  I is  less  fluin  the  oxide  thickness. 

The  present  sysn‘m  signal  and  noise  levels  are  given  and  the  total  losses  indicated  are 
liridH.  The  read  and  write  losses  calculated  are  also  35dB  when  the  head  efficiency 
losses  are  estimated  at  7 + lOdB  = 17dB. 

Tin-  present  decoiler  perfornuuic*'  is  calculated  to  be  9.  5dB  poorer  than  the  ideal  de- 
tector l)ased  on  actual  bench  test  data, 

2.3. 1.1  System  Threshold  S/N 

For  an  ideal  d«*tectnr,  the  system  threshold  S/K  can  be  calculated^  and  is  plotted 
below  vs.  BKR  (Tigure  fi,  curve  A).  For  Delay  Modulation  (DM)  a 2dB  increase  is 
In  quired  to  allow  for  the  necessary  double  strobing  of  each  bit,  (curve  B).  Assuming 
that  an  iiDAC  scheme  will  provide  KF'  improvement  in  the  channel  BKR,  a raw  BEH 
f)f  lo”  reejuires  10.r>dB  S/N  for  the  ideal  DM  detector  and  10  requires  ll.SdB  S/N. 

2 . 3 . 1 . 2 T rack  Width  Timit 

Ta(X'  fwrticles  prtxluce  quantum  noise,  A minimum  number  of  particles  (n)  is  required 

_2 

to  achieve  the  threshold  S/N  (X)Wer  of  ll.odB  when  ll,5dB  = 10  log  n ; n = 200 
pa  rticles. 

I'article  - 12p"  long  by  tr(p")‘'  area  = 127r  (p”)"^  volume  (10^^  particles/in^) 
oO  ' loading  = 2tn  ( p") '^^particle 

X200  particles  = lo.OSO  (p")^  volume  for  threshold  S/N 
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Figure  6 

At  a recording  depth  = to  one  FR: 


TRACK  WIDTH 


S N idHl 

BP'R  vs  S/N 

15,080(M")^  = 20  X 20  X W 

W “ = 38p"  quantum  limit 

400 

or  0.0265  TRACKS/m"  = 26,500  TRACKS/ 
INCH  absolute  limit  with  no  guard  bands 
5.0  X lo'*  DPI  X 2.6  X 10**  TPI  = 1.3  x 
10®  BPI^  absolute  limit  If  FR  = 1 bit. 
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2.3. 1.3  Present  System  Signal  Limits  (No  Losses 


t 


200  X . 5 X . 5 = 50(/i)^ 

Available  tape  Br  = 1500  gauss  = 0. 15  Weber/Meter^ 

-12  2 -in  9 

A = 100  X 10  (m)  = 10  (m) 

= Flux  = Br  X A = 0. 15  x lo"^®  Webers 


M.i ^ /j.  _ 0. 15  X 10  webers  ..-4 

e-Nd0/dt  = N =10  volts/turn 

0.167  X 10  sec 

.4.  _ 20/4" 

1 20  in/s 

25  K FR/IN 


d«  = X2  p{2  area) 

dt  = 1/2  PC2  bit) 

d^/dt  = 8 mv  @ preamp  input 


Ideal  tape  output  is  only  a function  of  track  width  for  ideal  HDMR  recording. 
'^READ  ^ mv/Mil  @ 80  Turns 
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{ 


A 


2.3. 1.4  Record  Losses 


a.  Record  Ilemagnetlzation* 


c = oxide  thickness  a = 0. 5c  max 
FR  = 2a  = depth  of  recording  (t) 

\ = 2FR  = 4a 

(*)  reduces  the  magnetized  tape  volume  by 
50^  or  6dB  (shaded  area  is  demagnetized) 
2a/a  or  a slope  of  2 Is  the  limiting  remenant 
field  gradient  allowed  by  the  tape  self  de- 
magnetization effect. 


The  record  field  gradient  must  necessarily  limit  the  tape  magnetization  at 
the  FR  boundary  to  507(  (random)  orientation.  The  degree  of  tape  mag- 
netization therefore,  varies  between  FR  boundaries  from  SO*;?  to  lOO"?  to  50^ 
and  varies  Into  the  oxide  from  100%  at  center  between  FR  to  509Er  at  the  limit 
of  record  penetration  (2a).  This  causes  a nominal  50%  or  6dB  reduction  In 
equivalent  magnetized  tape  volume. 

c.  Total  Record  Losses 


a plus  b above  equal  12dB  loss  over  the  assumed  Ideal  magnetized  tape 
volume.  This  also  produces  a 12dB/octave  variation  In  record  losses  where 
X <c,  which  has  been  confirmed  by  test  measurements,  and  due  to  the  same 
effect;  4:1  reduction  of  magnetized  tape  volume  by  1/2 X and  1/2  t. 


2.3. 1.5  Present  Stgnal/Nolae  Levels 


2 MHz  BW 

20,000  BPI  (FR/IN) 
100  In/s 


Prc  Amp  Output  Signal 


= SOOMVpp  § IMHz  for  optimum  DM  R/P 
(200MV  rms)* 

= -14dBm  (Vrms  = 0.707Vp) 


Pre  Amp  Output  Noise 


Pre  Amp  Gain 
Head  Output  Signal 
Head  Output  Noise 


= -67dBm  (3kHz  BW) 


(-39dBm  @ 2MHz  BW) 
= 65dB 

= 200MV  - 65dB  = 113PV 


= 113mV  - 25dB  = 4.5pV 


Head  Output  S/N  = -14  - (-39)  = 25dB  @ mid  band  (1  MHz) 

Single  turn  head  output  @ 100^,  transformer  eff.  (80:1) 

Signal  = 1.4/iV/tum 
Noise  = 0.056p  V/turn 


-2 


28dB  = 25:1 


2.3. 1.6  Present  ReadAVrite  Losses 


No  loss  signal 
Actual  signal 

XI. 2 


Ix>sses 


8 mv 

0. 113  mv  @ 100  in/s 
0.1356  mv  @ 120  In/s 

“ ">*  oTW 


Read  Losses 

Separation  loss  L . » 6dB  @ d “ 10  p" 
d 

Gap  Loss  L^  = OdB  @ g ^ 20p" 

*can  vary  :i:6dB  with  heads;  value  given  is  typical. 
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Magnetic  circuit,  gap  loss  = 7dB 

Core  eff.  x single  turn  eff.  x transformer  = lOdB 

Record  Losses 

Tape  demagnetization  = 6dB 
Itecord  field  gradient  = 6dB 

Total  Losses  35dB 


2.3. 1.7  Present  Decoder  Losses 

DM  threshold  S/N  for  10  ^ BER 

= 10.5dB 

-4 

Present  detector  S/N  for  measured  10  BER 

= 48dB  (3kHz) 

(Si  c Figure  7)  with  no  timing  errors 

= 20dB  (2MHz) 

Present  decoder  loss  = 20  - 10.  5 

= 9. 5dB  with  no  timing  errors 

2.3.2  Additional  Losses 

The  following  flow  chart  (Figure  8)  describes  in  summary  form,  the  losses  to  be  in- 
curred In  going  from  the  present  20K  FR/IN  system  to  the  goal  fjOK  FR/IN  system. 

These  losses  (33dB)  are  recoverable  by  achieving  the  improvement  factors  in  the  four 

-4 

areas  shown.  Full  recovery  will  yield  10  BKR  at  the  goal  values  listed.  F:DAC 
2 

presently  achieves  10  improvement  in  BKR  with  8%  overhead  and  can  be  assumed  to 

3 

achieve  10  improvement  with  the  same  or  additional  overhead  and  additional  sophls- 

-7  -4 

tication  of  algorithms.  10  BKR  is  thus  achievable  with  the  present  10  raw  BKR. 

The  raw  BKR  is  assumed  to  be  totally  due  to  dropouts  when  the  detector  BKR  is  less 

-5 

than  10  at  the  system  S/N. 

The  additional  record  losses  at  12dB/octave  are  15dB;  read  losses  (from  the  curve 
previously  used)  are  13.5dB  for  separation  and  IdB  for  gap  aperture.  14.5dB  less 
the  present  5.  5dB  yield  9dB  additional  read  loss. 
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STUDY  PROGRAM  GOAL  - ’O'®  BER 


11 

J1 


EDAC  for  to2  IMPROVEMENT 

to-*  BER  OFF  TAPE  (DROPOUT 
LIMITEDI 


10-5  OFF  TAPE  IS/N  LIMITEDI 


RCA 

20K  FR/IN 
70  TRKS/tN 
2 IN.  TAPE 


-IBdB 


- 9dB 


- 3dB 


- 6dB 


GOAL 

SOK  FR/IN 
100  TRKS/IN 
4 IN  TAPE 


«6  dB 


dB 


01  dB 


tIOdB 


Figure  8.  Losses  Flow  Chart  to  Achieve  Goal 
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If  are  limited  to  one  bit/FR,  50K  FR/IN  equals  50K  BPI,  and  100  tracks/inch  is  a 
reasonable  goal.  If  we  maintain  the  present  6 mil  guard  band  between  tracks,  the  70 
tracks/inch  to  100  tracks/inch  reduces  the  data  track  from  8 mils  to  4 mils  for  a 6dB 
loss.  The  20#i”  bit  has  a 40p"  X and  is  approaching  the  tape  particle  size  of  12;i". 
From  the  previously  used  aperture  loss  curve,  the  additional  loss  for  tape  particle 
size  is  3dn. 

Total  additional  losses  are  33dB. 

2.3,3  Improvement  Estimates 

Improvements  in  system  performance  can  be  gained  in  four  areas.  The  detector  has 
a 9.  5dB  loss  of  which  6dB  should  be  recoverable.  The  head-tape  separation  loss  is 
13dB  of  which  6dB  should  be  recoverable.  The  preient  read  preamp  noise  is  12dB 
above  the  tape  noise;  lldB  should  be  recoverable.  The  magnetic  head  efficiency  has 
an  estimated  total  loss  of  17dB  (14%  total  efficiency)  of  which  lOdB  should  be  re- 
coverable. 

The  improvements  total  33dB. 

2.4  SYSTEM  OPTIMIZATION 

2.4.1  Analog  Channel  Characterization 

The  first  and  most  Important  step  in  system  optimization  is  the  most  complete  and 
detailed  characterization  of  what  has  been  called  the  analog  channel.  Figure  9 indi- 
cates the  core  position  of  the  analog  channel  in  a system  model. 

Major  aspects  to  be  characterized  are; 

• channel  response  in  the  frequency  and  time  domain 

• noise  spectral  distribution: 


uncorrelated 

correlated  (from  adjacent  channels) 


Figure  9.  Digital  Magnetic  Recording  System  Model 

• dropout  statistics:  distribution  of  burst  length  and  guard  space 

• parameters  variability  (statistics) 

The  performance  limitations  of  an  analog  channel  are  primarily  those  of  the  write 
transducer,  medium,  and  read  transducer  and  are  shown  in  Table  2. 


TABLE  2.  ANALOG  CHANNEL  LIMITATIONS 


• S/N 

1 

• Amplitude  Response 

Head/Tape  Response 

Drop  Outs  (Fading) 

• Phase  Response 

Intersymbol  Interference 

90"  Phase  Shift  (d0/dt) 

- Group  Delay 
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Once  the  analog  channel  is  precisely  characterized,  the  designer  of  the  communication 
channel  - on  the  Initial  assumption  that  he  has  no  control  on  the  analog  channel  - can 
start  reviewing  his  options,  assessing  the  merits  of  each,  and  predicting  performance 
for  given  sets  of  choices. 

Each  element  of  the  analog  channel  was  investigated  as  to  the  possibility  of  improving 
its  contribution  to  the  overall  channel  characteristics. 

The  result  is  an  Improved  analog  channel  to  be  used  for  the  final  design  to  be  bread- 
boarded. 

2.4.2  Digital  Channel  Improvement  Options 

There  are  three  major  digital  areas  where  performance  improvements  can  be 
obtained  external  to  the  analog  channel: 

1.  detection  (Table  3) 

2.  error  control  (Table  4) 

3.  modulation  (Table  5) 

These  three  areas  can  be  put  immediately  into  proper  qualitative  perspective  by  ob- 
serving that  while  any  improvement  in  any  of  the  three  areas  would  involve  some  added 
hardware  complexity  — which  is  acceptable,  both  technologically  and  financially  — 
any  Improvement  obtained  from  a modulation  or  error  control  scheme  potentially  in- 
volves a loss  of  SNR  or  transmission  rate.  The  point  to  be  made  is  that  as  the  margin 
left  for  potential  performance  Improvement  gets  smaller,  the  designer  is  well  advised 
to  ensure  that  the  detection  scheme  is  as  close  to  the  optimum  as  possible  before 
proceeding  to  other  areas  of  Improvement. 

1.  Detection.  The  case  of  reception  with  no  intersymbol  Interference  will  be 
discussed  first.  The  read-transducer  acts  as  a differentiator  with  a three- 
level  output.  Each  output  pulse  carries  information  not  only  about  the 
occurrence  of  a flux-reversal  but  also  about  the  state  the  translnltter  was  in 
before  the  reversal  occurred.  Likewise,  when  delay  modulation  is  used  each 
transmitted  waveform  carries  Information  also  about  the  next  symbol  to  be 
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transmitted  (look-ahead).  These  two  examples  show  that  we  are  dealing  with 
a channel  with  memory  that  can  be  modeled  as  a convolutional  code  or  a finite 
state  Markov  process.^  The  receiver  should  be  mechanized  so  .as  to  exploit  as 
much  of  the  Information  available  as  possible;  not  by  making  a decision  on  one 
symbol  at  the  time,  but  by  making  the  best  estimate  over  the  memory  span  of 
the  channel  (bit-by-bit  sequential  detector). 

in  real  systems  affected  by  Intersymbol  Interference,  bandwidth  equalization, 
either  in  the  frequency  or  time  domain.  Is  usually  added  to  the  receiver  to 
minimize  the  amount  of  Interference  at  the  sampling  instants.  Although 
effective  in  many  cases,  this  is  not  an  optimum  scheme,  since  it  suppresses 
information  about  the  symbol  to  which  the  interference  belongs.  This  is 
particularly  so,  if  high  transmission  rat-  s per  cycle  of  bandwidth  are  desired. 
The  relatively  recent  signaling  schemes  called  partial  response  or  correlative 
actually  exploit  intersymbol  Interference  by  Introducing  it  intentionally  in  the 
waveform  to  control  the  spectrum. 

Recent  developments  in  optimum  non-linear  receiver  are  based  on  the  concept 
of  matched  filter  extended  to  a sequence  of  symbols  (maximum  likelihood  se- 
quence estimators,  MLSf:).  The  basic  idea  is  as  follows:  the  receiver  takes 
a sequence  of  received  symbols  of  length  comparable  to  the  length  of  the 
channel  impulse  response  (say  N symbols),  matches  it  with  each  of  the  pos- 
sible (2^  for  binary  symbols)  sequences  of  N symbols,  computes  for  each  the 
conditional  probability  of  occurrence  and  chooses  the  most  likely  sequence  as 
the  transmitted  one.  MLSE  mechanizations,  much  simpler  than  the  basic- 
concept  may  imply,  have  been  developed.  The  Viterbi  algorithm  is  one  of 
them. 

TABLE  3.  DIGITAL  CHANNEL  IMPROVEMENT  OPTIONS,  1)1  TKC  1 K )N 


1.  Add  memory  to  allow  analysis  of  groups  of  data  bits  (look  hark-  i 

look  ahead).  ' 

(I'tlllze  unique  pattern  sequence  to  help  make  decision  (l)uilt  in  | 
redundancy). 

2.  Exploit  Intersymbol  Interference  as  control  or  prediction. 

3.  Maximum  likelihood  sequence  estimation  (MLSE)  type  algorithms,  i 

Optimize  the  IXjtector 
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2.  Krror  Control.  Qualifafively,  and  from  a pmctiral  point  of  view,  fhr  chanof) 
for  a hlfjh  density  distal  recording  system  is  easily  chai-acterized:  it  is  a 
bursty  channel  featuring  an  extremely  low  probability  of  random  errors. 

Krrors  are  caused  by  signal  droix)Uts,  occurring  at  random  as  to  duration  and 
freiiuency,  but  with  avei-agi-  values  that  decrease  as  the  signal  level  increases. 
Statistics  are  available  to  model  a fading  channel. 

When  a dropout  occurs,  it  affects  a roughly  circular  spot  on  the  tap<',  and 
hence,  a few  tracks  across  the  tape  but  for  a wideband  system,  hundreds  or 
thousands  of  bits  along  a track. 

Next  we  observe  that  if  the  beginning  of  the  dropout  could  be  detected  and 
pointers  set  to  the  tracks  involved,  we  would  deal  with  erasures  rather  than 
error.  Less  redundancy  would  be  required  for  coding  since  a code  can  correct 
twice  as  many  erasures  as  errors.  In  fact,  a single  parity  check  applied  to  a 
string  of  binary  digit,  no  matter  how  long,  can  correct  any  single  ensure, 
liv  interlacing  the  codewords  as  many  times  as  the  length  of  the  burst  in  bits, 
all  bursts  of  that  length  or  less  can  be  corrected. 

More  spt'cifically,  a IfiO-track  tape  can  be  instrumented  for  error  control 
fagainsf  dropout!  as  follows; 

a.  divide  all  Ifio  bits  across  the  tape  into  20  M-bit  supersymbols,  of  which 
VJ  carry  data  and  one  is  the  parity  check  supersymbol; 

b.  enciKiing:  the  parity  check  results  from  the  modulo-2  sum  of  all  10  data 
sufMrsymbols; 

e.  dicodlng:  fill  all  erasures  with  zeros;  compute  the  svndronu-  l)V  aciding 
modijlo-2  all  20  received  sujx-rsymbols;  correct  each  erasun'  Ity  adding 
to  it  the  binary  symbol  contained  in  the  corresponding  iK)sition  of  the 
syndromt*. 

This  simple  scheme  with  .about  T/’f  redundancy  can  correct  a single  droix)Ut  in- 
volving up  to  s adjacent  tracks.  In  addition,  if  can  detect  at  least  one  random 
error,  which  would  be  corrected  if  we  had  a means  to  identify  th('  track  in 
which  it  hits  occurred.  Karlier  we  have  discussed  potential  improvements  in 
th»-  waveform  detection  by  taking  advantage  of  the  information  carried  by  each 
symbol  about  the  preceding  and/or  the  following  symbol.  This  information 
can  be  used  to  detect  the  [xissibility  of  an  error,  which  once  correlated  with 
the  transverse  parity  check  will  lead  to  the  correction  of  the  error  if  it  has 
indcotl  occurred. 
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This  surprisingly  simple  and  yet  pnwei-ful  cotiin*;  scheme  is  one  ol  the  many 
options  that  codint^  theoiy  offers.  If  also  shows  that  t'fficient  sch  'mes  n<“ed 
not  be  complex  or  sophisticated  or  require  elaborate  channel  mf)delinf5. 

I fficiency  usually  results  from  an  intet^rated  desi;^  approach  which  coasiders 
modulation  and  ccxling  at  the  same  time,  not  necessarily  — althoufjh  riesirable 
for  the  purpose  of  combining;  them  into  ;i  single  process. 


i AHLK  1.  niGri  AL  fTlANNKL  IMI’HOVKMf.NT  ()I>TK)NS,  FRHOH  roNTROL 


1.  Add  drop-out  detector— cor rf'cting  ’’erasures"  instead  of  errors  ~j 
doubles  i;i)AC  fX)wer.  i 


2.  Tse  redundanev  and  ui'iique  code  sequence  to  increase  error  de- 
tection power, 

3,  Interlaced  KDAC  code  words  to  break  up  errors. 

i’ 

! 4,  Trade  off  across  track  vs.  along  track  KDAC  schemes. 


DROP  OUT 


1 2 TRACKS 


lOOO  2000  BITS 


Optimize  Krror  Control  i 

Modulation.  Modulation  In  this  application  is  the  process  of  encodiitg  the 
binary  data  sequence  into  anothi‘r  sequenc*-  of  binary  (or  N-ai-y)  wavefoi  ms 
that  facilitate  the  extraction  of  timing  at  the  recedver,  and  shap«'  the  frequency 
sp<‘Cti-um  of  the  signal  to  match  the  frequency  res|X)nse  of  the  channel. 

An  upper  limit  to  the  it  sponse  of  a given  recording  system  is  set  by  the  highest 
density  of  flux  reversals  (transitions)  allowed  for  an  acceptable  level  of  signal 
distortion.  The  lower  limit  is  set  at  zcmo  - frequency  where  for  most  prac- 
tical systems  no  component  is  allowed  foi  any  |K)ssible  data  setjuences.  An 
optimum  mraJulation  scheme  then  is  the  one  that  allows  as  high  a data  rate  as 
possible  within  that  fn-fjuencv  band. 


A vari*‘tv  of  nuKliilation  techniques  have  been  developed  with  varying  degree 
of  success  and  practical  applicability.  They  may  be  broadly  grouped  into  binary 
and  non-binaiT  approaches.  The  non-binary  approaches  consider  multi-level 
or  multi-phase  waveforms,  and  attempt  to  trade  the  Inevitable  loss  in  SNR  at 
tht  docoder  ^detector  with  the  inherent  greater  efficiency  of  higher  order 
alphabet  fas  against  binary'.  Rrogress  in  this  area  of  research  has  not  ad- 
vanced as  much  as  in  the  binary  waveform  approach.  Indeed,  promising 
binary  techniques  are  being  generalized  to  non-binary  codes. 

The  rather  simple  and  efficient  binary  coding  scheme  (delay  modulation) 
successfully  used  by  RCA,  matches  reasonably  well  the  frequency  response 
of  the  channel,  except  for  the  dc  response  of  certain  repetitive  data  patterns 
that,  if  {■)»“ rsistent,  may  create\jign:ii  distoition.  This  problem  seems  com- 
mon to  most  schemes  developc-d  thus  far  and  its  solution  appears  the  major 
target  of  current  research. 

The  conceptual  basis  of  current  ivsearch  in  binary  coding  is  to  map  successive 
segments  of  a cUita  sequence  into  sequences  of  binary  symbols  with  certain 
constraints,’"^  such  as; 

a.  No  fewer  than  d consecutive  zeros  are  allov;ed  in  the  coded  sequence; 
this  sets  the  highest  transition  rate; 

b.  no  more  than  k consi  cutive  zeros  are  allowed  in  the  coded  sequence 
(minimum  transition  rate  for  time  extraction); 

c.  the  accumulated  charg<'  at  any  digit  position  in  the  sequence  is  bounded 
by  tC  units  (to  constrain  dc  response). 

Inevitably  these  coding  schemes  require  the  addition  of  redundancy  (for  effec- 
tive schemes  100' ’ or  more).  However,  the  upper  limit  of  the  coded  wave- 
foi-m  bandwidth  is  still  controlle-d  by  the  highest  transition  rate  and  may  re- 
main the  same  as  for  the  noncoded  sequence  if  we  chose  d=2  and  add  100',( 
redundiincy.  The  gain  of  course  is  in  an  easier  synchronization  and  a zero 
dc  component. 

Run-length  limited  or  bandwidth  compaction  are  different  names  for  this  basic 
coiling  technique. 

A certain  amount  of  loss  in  efficiency  is  inherent  in  these  schemes  due  to  the 
redunflancy  added  in  the  coding  process.  For  this  reason  researchers  are  in- 
vestigating the  possibility  of  using  this  redundancy  also  for  error  correction 
or,  at  least,  detection. 
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For  high  density  systems  featuring  long  error  burst  along  the  track,  error 
correction  schemes  acting  along  the  track  rather  than  across  appear  rather 
inefficient.  The  Incorporation  of  some  form  of  error  control  Into  waveform 
encoding  would  then  be  of  doubtful  usefulness. 

Another  potential  area  of  research  is  multi-channel  or  two-dimensional  coding, 
where  now  patterns  of  symbols  across  the  tracks  would  be  controlled  as  well 
as  symbol  patterns  along  the  tracks. 

The  application  of  partial  response  techniques  used  successfully  in  communi- 
cations systems  appears  particularly  suitable  for  wideband  recording  since 
instead  of  adding  redundancy  to  reduce  distortion,  the  techniques  exploit  the 
distortion  itself  to  convey  information,  and  is  known  as  Enhanced  I3elay 
Modulation  (FI)M). 

The  proposed  task  IV  investigation  is  expected  to  be  primarily  of  an  analytical 
nature  to  extend  and  advance  the  level  of  development  for  those  particular 
approaches  most  efficient  for  wideband  system  applications.  Experimental 
work  can  then  follow  to  demonstrate/prove  the  task  IV  conclusions /recom- 
mendations. 


TABLE  5.  DIGITAL  CHANNEL  IMPROVEMENT  OPTIONS,  MODUIJ^TION 


General 

• 

Make  the  best  analog  channel  fit. 

• 

Make  the  best  use  of  the  detector. 

Specific 

• 

Minimize  number  of  octaves. 

• 

Minimize  signal  rate. 

• 

Eliminate  dc  from  signal. 

• 

Add  memory  and  do  block  coding. 

• 

Block  coding  overhead  plus  IHJAC  overhead  for 
error  control. 

• 

Trade  off  compaction  vs.  statistical  errors. 

Use  multi-channel  modulation  (2  dimensional) 

Optimize  Modulation  Technique 
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2.4.3  Tape  Magnetics 

Tape  Is  a given  and  limiting  factor.  It  is  given  because  tape  development  is  out  of 
scope  for  this  effort.  It  must  be  analyzed,  however,  so  that  Its  limitations  are  as 
perfectly  understood  as  possible  and  so  that  we  may  know  how  to  work  around  them. 

The  following  discussions  give  insight  as  to  how  these  limits  could  be  changed. 

The  tape  self  demagnetization  is  of  primary  concern,  and  the  effects  of  tape  pcrticle 
size  and  oxide  coating  thickness  are  of  major  concern  in  the  tape  magnetic  perform- 
ance. The  tape  surface  topography  is  of  m.ajor  concern  in  establishing  and  maintaining 
a low  separation  loss  and  a high  field  resolution.  Separation  has  the  same  effect  on 
resolution  as  increasing  the  head  gap  size.  All  of  these  problems  are  severely  reduced 
when  plated  metal  tapes  are  considered.  This  approach  requires  new  head-tape  inter- 
face geometry  and  control. 

The  following  (Table  6 and  Figures  10  thru  12)  show  that  we  are  reaching  the  limit  of 
particle  sizes  used  in  the  available  magnetic  tapes.  The  direction  to  go  for  reduced 
limitation  is  smaller  particles  for  shorter  wavelength  (X  ),  higher  coercivity  and 
thinner  coatings  to  reduce  the  self  demagnetization  loss  (Improve  resolution),  metal 
film  and  denser  loadings  for  increased  read  magnetization  and  lower  noise  medium. 

TAPE  DEMAGNETIZATION.  Of  all  the  head  and/or  tape  resolution  pai-ameters  the 
area  of  greatest  limitation  is  the  demagnetization  properties  of  the  tape.  Two  types  of 
demagnetization  exist,  self  demag.  and  record  demag.  Figure  13  is  a simplified  model 
of  the  two  flux  reversals  (bit  cells)  at  a BPI  of  50K,  X /2  = 20/i".  Note  that  there  are 
actually  three  loss  effects  occurring  during  and  after  a bit  cell  is  recorded,  all  of  which 
finally  results  in  a reduction  of  total  flux  $ available  during  playback. 

1.  Record  Demagnetization  Lines. 

2.  Self  Demagnetization  Lines  (increases  after  particles  leave  head). 

3.  Flux  lines  lost  in  the  unused  oxide. 
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TABLK  6.  MAGNETIC  PARTICLE  AND  TAPE  PROPERTIES  OF 
AVAIIJ^BLE  TAPE 


a Ferric  Oxide 

Cobalt  Doped 
a *^«2«3 

c 0„ 

r 2 

Aclcular 

Cubic 

Extra-Acicular 

Size  1 = 5-25p  in  (16typ) 

1 = 20  p in  typ 

“7*  5-20  (6typ) 

Cl 

7=8typ 

Hc/Br  = 300/1000 

500/1600 

500/1600 

Br/Bs  = . 75  oriented/O.  5 

0.83/0.6 

0.9/0. 5 

. 50  unoriented 

0.77 

0.80 

Effects  of  Smaller  Particles 

• Lower  noise  (more  particles  and  more  uniform  size/unit  volume). 

• Higher  self  demagnetization. 

• Smaller  X recording  capability. 

Metal  Film  Tape  Characteristics 

• Much  thinner  than  particles. 

• More  than  2 times  coerclvity  (1200  Og). 

• Higher  magnetic  continuity  - avoids  flux  closures 
around  particles  and  surface  clusters. 

• Smoother  surface  - closer  contact  plus  possible 
magneto-optic  playback.  Latter  especially 
significant  since  playback  process  is  limiting  in 
metal  tapes. 
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Figure  12.  Particle  Size  Gamma  Ferric  Oxide 
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Figure  14.  Topical  Flux  Reversal 

The  primary  properties  of  the  tape  which  contribute  to  these  demagnetization  losses 
are  Br,  He,  and  oxide  thickness. 

The  property  of  Record  Demagnetization  (a)  is  defined  as  a = ^ 

2x  He 

The  above  expression  is  the  Record  Demag.  created  by  a step  function  of  magnetizing 
flux  as  would  be  created  after  changing  the  direction  of  a saturating  field  H+  to  H-  in 
an  instantaneous  period  of  time  as  in  Figure  14. 

This  single  Isolated  transition  is  not  at  all  similar  to  the  short  pulse  duration  record- 
ing intended  for  this  program.  It  can,  however,  demonstrate  the  relative  difference 
of  available  recording  tapes.  See  Table  7. 

This  agrees  with  test  data  that  shows  that  pulse  density  is  Inversely  proportional  to 
oxide  thickness. 

From  inspection  of  Table  7,  a = t/2  for  most  oxide  tapes. 

This  Is  a very  useful  result  in  so  much  that  the  property  "t"  is  always  a known  physical 
parameter.  To  obtain  high  density  pulse  recording,  t is  effectively  reduced  to  t'  by 

limiting  the  record  current  and  reducing  the  gap  size  such  that  t'  = 20/i",  as  shown 
below  Table  7. 
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TABLF  7.  MAGNETIC  TAPE  CHARACTERISTICS 


Tape 

3M400 

3M971 

Crolyn 

CRO2 

Avilyn-M 

Metal  Coated 
Tapes 

He  (0  ) 
e 

310 

500 

500 

1 

1400 

(1000) 

Hr  (gauss) 

920 

1500 

1700 

1300 

(10  gauss) 

t (p"> 

480 

100 

190 

100 

84 

40  20  10  5 

a in") 

227 

48 

103 

54 

12 

64  32  16  8 

3M  XRM-IV 

He 

1 

1000 

1000 

1000 

Br 

3000 

3000 

3000 

1 t 

200 

100 

50 

a (p") 

96 

48 
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Typical  tape  magnetic  values  and  mechanical  characteristics  are  shown  in 
Figure  15. 

These  ratio  of  terms  t and  a represent  the  slope  of  the  magnetization  line  in 
Figure  15  as  does:  a = 

slope^=  — = K for  aiqr  given  tape 

For  any  given  tape  t must  be  reduced  to  reduce  a. 


At  an  effective  recording  depth  of  20p"  four  transitions  can  exist  Instead  of  one. 


This,  of  course,  reduces  the  total  flux  available  for  playback  and  resultant  loss  In 
signal  to  noise.  Any  attempt  to  overdrive  at  these  high  transition  densities  causes 
"pt'ak-shift"  or  "pulse  crowding"  and  other  problems  associated  with  Intersymbol 
interference. 

The  conclusion  that  one  must  draw  is  fairly  self  evident.  The  oxide  should  be  reduced 

He 

in  thickness  and/or  the  ratio — - (slope  of  the  demagnetization  line)  should  be  increased. 

Br 

Typical  tape  values  and  mechanical  characteristics  are  shown  in  Figure  15. 

2.4.4  Head-Tape  Interface 

Many  of  the  limitations  on  bit  packing  density  are  associated  with  the  so-called 
"contact  conditions"  existing  at  the  interface  between  the  record/play  head  and  the 
magnetic  medium.  Aside  from  the  aperture  loss  (SIN  (X)/ (X)),  there  is  a theoretical 
separation  loss  between  flat  surfaces  of  -54.6  d/x  dB  where X is  the  recorded  wave- 
length and  d the  separation.  Because  current  state-of-the-art  provides  33K  bits/in. 
packing  density  (X  = 60»j  in. ),  a "separation"  of  6n  in.  already  causes  a 5-1/2  dB  loss 
in  output.  If  the  packing  density  is  increased  to  the  goal  of  50,000  bpi,  then  the  loss 
due  to  the  same  separation  would  increase  to  about  8dB. 

Clearly,  the  separation  of  concern  Is  that  existing  precisely  at  the  gap.  Also,  the 
nature  of  physical  surfaces  precludes  the  assignment  of  a value  to  separation  except 
in  the  context  of  equivalent  separation,  and  even  that  in  a statistical  sense.  This  is 
because  surface  roughness  is  of  the  same  order  of  magnitude  as  the  separation,  and 
both  surface  position  and  roughness  vary  with  time. 

Tracking  errors  also  lead  to  signal  loss.  Two  basic  kinds  of  errors  arise:  Lateral 
shift  and  angular  skew.  Both  errors  may  be  due  partly  to  characteristics  of  the  tape 
transport  and  tape  medium  and  partly  to  manufacturing  tolerances  of  the  head.  The 
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OEMAG  factor 


Figure  15.  Typical  Tape  Values  and  Mechanical  Characteristics 


following  items  to  be  discussed  are  factors  in  performance.  Kach  is  worthy  of  further 
study  and  improvement,  although  not  every  item  will  yield  more  than  a modest  gain  in 
pt‘  rformance. 


2.1,  1.1  Tape  Properties 

Figure  IG  shows  the  various  properties  and  features  of  a tape  recording  medium. 
Houghness  and  waviness,  as  well  as  scratches  and  fibrosity  are  descriptive  terms  that 
measure  departure  from  geometrical  flatness.  The  knowledge  of  the  statistical  nature 
of  these  variables  allows  a formulation  of  effective  localized  separation  between  the 
tape  and  a perfect  surface.  When  the  two  arc  In  actual  contact,  such  effective  separa- 
tion then  establishes  a minimum  irreducible  loss. 

Flectron  microscopy  provides  an  effective  method  to  study  the  nature  of  surfaces. 

It  makes  it  possible  to  see  the  results  of  calendering,  choice  of  binder,  particle  size, 
etc.  Also,  a better  understanding  of  wear  phenomena  can  be  gained  If  It  occurs. 


SCRATCH  & 

fibrosity  AAVINtSS 
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The  fact  that  surface  character  changes  with  use  can  be  seen  in  Figure  17.  This  shows 
that  the  dropout  rate  can  be  reduced  one  to  two  orders  of  magnitude  by  preconditioning 
the  surface.  Preconditioning  by  running  the  tape  many  times  is  costly,  however,  and 
there  may  be  a single-pass  process  that  would  accomplish  the  same  result. 

TAPK  STRUCTURAL  PROPERTIES.  For  the  geometric  proportions  currently  used,  the 
tapf*  should  be  mathematically  characterized  as  an  elastic  plate,  rather  than  as  a per- 
fectly flexible  string  (Figure  18).  It  does  not  automatically  conform  to  all  irregulari- 
ties of  the  interface,  but  bends  elastically  with  a curvature  that  may  lead  to  increased 
local  separation  over  rapidly  changing  profiles.  Moreover,  the  tape  interaction  with 
the  induced  air  film  also  produces  differential  curvatures  along  the  head. 

2.  4.  4. 2 Air  Film  Forces 

Figure  19  shows  the  impulse  function  computed  for  a quadrupltx  head  tape  guide  con- 
figuration. By  expressing  a pressure  distribution  across  a section  of  tape  in  terms 
of  point  leads,  the  impulse  function  can  be  used  to  find  the  deflected  shape  of  the  tape. 
Figure  20  shows  the  results  of  summing  only  a few  terms  of  the  series  for  a particular 
example.  Once  the  theoretical  shape  for  the  tape  is  found,  as  a function  of  the  various 
tape  transport  parameters,  optimum  head  contours  can  be  predicted  and  compared 

with  experimental  results.  Figure  21  shows  the  results  of  contouring  a 14-track  head 

0 

by  running  tape  past  it  for  25,000  passes  (25  x 10  feet  of  tape).  The  final  contour  is 
measured  by  interferometry,  and  the  curvature  is  calculated  from  the  profile.  The 
tape  wear-ln  process  generates  a curvature  that  is  of  a different  character  than  the 
original.  This  implies  that  the  dynamics  of  the  air  film  will  change  throughout  the 
life  of  the  head. 

A computer  study  of  the  Interface  dynamics  is  needed  in  order  to  verify  or  refute  cur- 
rent design  and  operating  experience,  expand  theoretical  models,  discover  unexpected 
results,  and  provide  a practical  design  tool.  The  Interaction  of  tape,  alrfllm,  and 
head  is  too  subtle,  at  the  spaclngs  encountered,  to  rely  solely  on  Intuition  for  design. 


44 


Figurt-  17.  Magnetic  Tape  Drop  Out  Performance  Improvement  vs.  Use 
(with  Surface  Conditioning  and/or  Magnetic  Heads) 


STATIC  AND  DYNAMIC  "CONTACT"  CONDITIONS  - DEPEND  ON 
PROTRUSION,  SHAPE.  TENSION,  AND  RELATIVE  SCALE 

STUDY 

• CONTACT  PRESSURE  PROFILES 

• "NATURAL" TAPE  shape 

• OPTIMUM  GAP  location 


Figure  18.  Tape  as  an  Elastic  Plate 

It  might  be  thought  that  the  air  film  forms  a simple  wedge  between  the  tape  and  head, 
as  in  the  case  of  a flcMiting  head  and  disc  system.  Figure  22  shows  the  results  of  a 
study  that  indicates  a complex  film  behavior  near  the  trailing  edge  of  the  head,  con- 
trary to  intuition.  Ixioklng  at  the  location  of  the  minimum  separation,  it  is  evident 
that  placing  the  gap  at  the  center  of  the  contact  area  is  not  the  optimum  procedure. 


In  order  to  calculate  the  shape  of  the  tape,  a computer  program  is  required.  The 
method  used  in  the  case  of  Figure  23  is  the  solution  of  a set  of  finite-difference  equa- 
tions that  describe  the  aeroelastlc  behavior  as  a function  of  time.  Thus  the  transient 
solution  is  available  as  well  as  steady  state.  Actually,  the  steady  state  solution  Is 
less  useful  for  evaluating  the  Interface  situation  than  the  transient  solution.  If  the  tape 
contacts  the  head  during  a transient  disturbance,  but  not  during  steady  state,  then  the 
transient  condition  is  the  controlling  consideration  from  a wear  point  of  view.  More- 
over, transients  can  be  caused  by  vibration,  flutter,  andother  disturbances  that  are 
normally  present.  An  optimization  study  considers  the  settling  time  and  film  shapt' 
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Figure  19.  The  Central,  Longitudinal  Section  of  the  Impulse  Function  Computed  for  a Quadruplex 
Tape/Guide  Configuration,  An  Impulse  Function  is  the  Deflection  of  the  Tape  in 
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Figure  20.  Total  Tape  Displacement  Profile  in  a I^ongitudinal  Section  Resulting  from  Superposing  Impulse 
Functions  for  2,  3 and  5 Fqual  and  Symmet rically-Locafed  Point  Forces 


VERTICAL  distance  FROM  CAP.  10 


profiles 


AS  MACHINED 
AFTER  CONTOURING 
AFTER  3SK  PASSES  a 


fA 


1ATRACK  HEAD  PROFILE 
BEFORE  CONTOURING 

PROFILE  AFTER  CONTOURING 
AND  MORE  THAN  2S.000  PASSES 
W/O  FAILURE  SHOWN  AT  LEFT 

CURVES  ARE  BTH  ORDER 
POLYNOMIALS  FROM 
COMPUTER  BEST  FIT  TO 
DATA  FROM 

INTERFEROMETER  PHOTO 
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Figure  21.  Contour  Data  for  TIROS-N  Life  Test  Head 
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CURVATURE  IN  INCHES ' 


• SOLUTION  OF  COUPLED  EQUATIONS 
FOR  AERODYNAMIC  FILM  AND 
ELASTIC  TAPE 


• FINITE  DIFFERENCE  FORMULATION 
ALLOWS  TRANSIENT  SOLUTION  WITH 
ARBITRARY  INITIAL  CONDITIONS 

• STEADY  STATE  SOLUTION  WITH 
DECAY  CONSTANTS 


DISTANCE  ACROSS  HEAD  (mml 


COMPARISON  OF  EXPERIMENTALLY  MEASURED  IPOINTSI 
AND  THEORETICAL  (CONTINUOUS  LINE)  VALUES  OF  THE 
SEPARATION  BETWEEN  HEAD  AND  TAPE. 

PARAMETERS  T • 37«.70N/m  I • 3B.1|in<  tnd 
r • 0.03  m.  (■)  SEPARATION  FOR  THE  CASE  OF  A 
UNIFORM  SPACING  ZONE. 


SOURCE  IBM  J RES  Si  DEV  11/74 


Figure  22.  Air  Film  Separation 


SO 


• GENERATION  Or  HIGHER  ORDER  HEAD  CONTOURS 

• SURFACE  FINISH  TRADEOFFS 

• Placement  of  capstans,  rollers,  guides,  vibration 
NODES 

• HEAT  GROOVING 

• OPTIMUM  GAP  LOCATION  (MAY  DIFFER 
FROM  STATIC  SOLUTION! 

• MINIMUM  EXPECTED  VIBRATION  LEVELS  AND 
SEPARATION  CHANGES  - LATERAL,  TRANSVERSE, 

AND  LONGITUDINAL 


Figure  23.  Dynamic  Optimization  Study 
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(Flgurt'  23)  for  various  conditions,  and  the  possible  use  of  node  stops  to  control  fre- 
quency and  amplitude  of  tape  vibration.  Actually,  a similar  technique  has  been  used 
in  the  VTR  tape  recorder  as  seen  in  Figure  24,  where  the  headwheel  shoe  creates  a 
very  short  span  of  tape  between  the  shoe  and  the  head.  Tape  vibrations  external  to  the 
shoe  are  effectively  damped  out  by  this  process.  In  the  case  of  the  longitudinal  head, 
similar  results  can  be  obtained  by  placing  bars  close  to  the  head.  The  bars  (node  stops) 
may  or  may  not  be  contoured  to  provide  control  of  the  tape  shape;  over  the  pole  tips. 

The  computer  solution  will  indicate  the  optimum  placement  for  the  gap  line  which  may 
differ  from  the  optimal  location  for  the  steady  state  solution.  The  transient  solution 
may  also  indicate  a minimum  irreducible  level  of  separation  variation  which  in  turn 
implies  a quality  of  surface  finish  for  both  the  tape  and  head  that  is  unproductive  to 
attempt  to  improve. 


• VTR 


• CONTROL  OF  LATERAL  VIBRATIONS 

• CONTROL  OF  PRESSURE  (SHAPEI 
PROFILE 

• TENSION  REDUCTION 

• TRACKING  CONTROL 


• longitudinal 


Figure  24.  Nodal  Stop 
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2. 4.4.3  Tracking 

The  mistrackinR  of  tape  also  causes  signal  loss  and  these  effects  must  be  considered 
In  balance  with  the  aperture  and  separation  losses.  Figure  25  shows  various  sources 
of  tracking  error;  the  primary  ones  being  the  effects  of  edge  stiffness  (curl),  tape 
skew,  width  variation,  wrinkle  and  scallop. 

Improvements  can  be  expected  In  traditional  methods  of  guiding  plus  new  methods  that 
reflect  the  tightening  of  dimensional  tolerances.  In  Figure  2f),  the  traditional  method 
of  moving  a guide  roller  or  air  bearing  Is  shown.  This  method  of  twisting  the  guide 
roller  limits  control  of  the  location  of  the  tape  edge  to  relatively  large  tolerances  (±5 
mils)  and  relatively  slow  response.  An  alternate  method  to  guide  roller  Is  a fixed  air 
bar  that  can  be  servoed  by  differential  air  pressure  In  response  to  signals  from  an 
edge  sensor  that  can  be  either  pneumatic  or  electronic  (l.e.  a light  detector). 


• TAPE  FACTORS 

EDGE  STIFFNESS 


SKEW 


WIDTH 


WRINKLE  a SCALLOP 


Figure  25.  Tracking 
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• ACTIVE  GUIDING 


TWIST 


EDGE  STRAIN 


CONTROL  TRACK 


MOVEABLE  HEAD 


U Ieoge  sensor 

^ u 


AIR 


VARIABLE  WIDTH 

WIDTH  VARIATION  UNDER 
TENSION  (POISSON  S RATIO) 


GROOVED  TAPE/HEAD 


TAPE 


Figure  26.  Tracking 
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Inasmuch  as  the  control  is  really  desired  for  the  recorded  tracks  rather  than  the 
physical  edge,  a magnetic  sensor  that  reads  the  location  of  the  recorded  track  is  a 
preferred  method.  Such  a sensor  could  be  used  either  on  a recorded  data  track  or 
an  auxiliary  control  track  for  the  purposes  of  edge  guiding,  being  coupled  either  with  a 
movable  roller  or  air  bar  or  with  a movable  head.  If  most  of  the  edge  variation  has 
been  removed  by  first-order  means,  a head  coupled  to  a voice  coll  can  be  used  to  re- 
move the  residual  variation  (±1  mil).  The  movable  head  has  the  additional  advantage 
of  the  ability  to  respond  at  hl0i  frequencies. 

A method  of  tape  guiding  that  depends  on  grooved  tape  has  recently  been  proposed  by 
VMteck  Corporation.  If  the  head  or  tape  guide  Is  similarly  grooved,  than  the  tape  Is 
constrained  similar  to  the  stylus  In  a phonograph  groove.  With  multiple  grooves,  the 
net  tracking  force  Is  relatively  large  even  thou^  the  tracking  force  for  a single  groove 
la  very  small. 

The  Investigation  and  optimization  of  the  sum  total  of  the  above  factors  should  lead  to 
a precision  tracking  system  that  constraints  the  lateral  variation  recorded  track  to  the 
order  of  ±1/2  mil. 


2. 4. 4. 4 Scale  Factors 


As  the  recording  gap  has  been  scaled  down  from  the  order  of  500  micro-inches  (typical 
of  original  audio  recording  systems),  the  track  width  and  tape  thickness  have  not  been 
scaled  In  proportion.  There  has  been  some  reduction  In  tape  thickness  but  It  has  been 
determined  primarily  by  base  film  technology,  market  demand,  and  other  factors  pri- 
marily related  to  the  manufacturing  and  transport  process.  The  problem  with  tape 
that  Is  relatively  thick  la  the  fact  that  It  Is  relatively  stiff  and  does  not  readily  follow 
the  contour  of  the  head  as  has  been  mentioned  above.  Track  width  reduction  has  fol- 
lowed the  ability  to  manufacture  heads  with  many  tracks  per  inch.  The  limiting  situa- 
tion here  Is  the  ability  to  wind  very  small  colls  and  at  the  same  time  maintain  head 
efficiency.  The  limitation  of  a relatively  wide  track  com)xired  to  the  gap  length  Is  that 
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skew  problems  become  exaggerated  as  shown  In  Figure  27  because  tape  skewing  tends 
to  be  measured  In  terms  of  angle.  A wide  track  requires  a much  smaller  skew  angle 
for  the  same  signal  loss.  At  the  same  time,  pressures  and  forces  also  scale  down  as 
the  dimensions;  for  Instance,  a small  radius  of  curvature  at  the  gap  leads  to  large 
pressures  If  the  tape  tension  Is  not  reduced  at  the  same  time.  Inertial  pressures  also 
Increase  with  small  radii  of  curvature  for  the  same  tape  speed.  Thus,  we  find  that  If 
the  radius  of  curvature  Is  decreased  at  the  same  time  that  the  velocity  Is  Increased, 
Inertial  pressures  may  cause  the  tape  to  float  away  from  the  gap  unless  tape  tension  Is 
Increased.  The  balancing  of  these  forces,  therefore,  must  be  done  very  carefully, 
with  difficult  tradeoffs  Implied.  As  part  of  the  problem  of  balancing  the  scale  factors, 
the  track  density  should  be  examined  for  the  tradeoffs  of  bit  packing  density  [x?r  Inch 
(longitudinal)  vs.  the  bit  packing  density  across  track.  It  Is  the  bit  packing  density 
per  square  inch  that  Is  of  the  ultimate  concern  and  It  may  well  turn  out  that  the  relief 
from  high  bit  packing  densities  along  the  track  may  be  worth  the  effort  involved  In 
Increasing  the  track  density  can  be  envisioned  as  the  outgrowth  of  Integrated  magnetics. 


2.4.5  Record  and  Playback  Head-Electronics  Matching 


This  section  will  consider  the  head  as  both  a record  and  reproduce  head.  Additional 
optimizing  can  exist  for  the  record  head  or  playback  head  If  built  sejjarately.  Separate 
heads  are  not  out  of  the  realm  of  possibility  but  for  this  application  considered  Im- 
practical. 


2. 4.5.1  Record  Matching 


I he  most  Important  consideration  of  this  section  of  the  magnetic  recording  system 
model  Is  the  record  current  slew  rate  (amps /sec)  of  the  flux  generated  In  the  gap  by 


the  current  In  the  single  turn  (Ig).  Is  Itself  may  not  ideally  represent  the  drive  current 
Ip  due  to  transformer  and  capacitive  losses.  If  K=1  the  transformer  Is  a {perfectly 
coupled  unit  and  then  Ip  (Is)*  Such  Is  not  the  case;  degradation  does  exist  and  Ig 
suffers  In  slew  rate.  Since  the  wire  Is  very  small,  and  burled  btdween  the  tracks  of 
the  head,  the  actual  Is  has  not  been  measured.  External  field  sampling  detectors 


56 


AVOID  THIS 


51 


m IMPROVED  STANDARD  DESIGN 
ACROSS-TRACK  curvature 
CONTROL 

IMPROVE  WIRING  TECHNIQUES 


5655 

PER  INCH 


• ADVANCED  ART 

INTEGRATED  MAGNETICS 

GROOVED  MEDIUM  a 
HIGH  PACKING  DENSITY 

IMPROVED  HEAT  MATERIALS/ 
HIGH  OUTPLfT 


Figure  28.  Track  Density 


probably  offer  the  best  chance  of  success  in  measuring  the  slew  rate  of  Is  and  the 
effective  field  slew  rate  emanating  from  the  gap. 


The  parameters  which  affect  the  record  current  slew  rate  (Is)  can  be  optimized  to  the 
limit  of  the  physical  restraints  of  the  head  designs.  For  Instance,  the  secondary 
winding  (usually  a single  turn)  can  be  increased  in  cross  sectional  art'a  to  reduce  its 
resistance  (R)  in  the  circuit.  New  techniques  for  doing  this  have  been  develo(x?d.  A 
summarization  is  shown  in  Figure  29. 


2. 4. 5.  2 Playback  Matching 

The  most  Important  area  to  investigate  on  the  playback  side  of  the  head  electronics 
matching  are  Improvements  In  the  signal  coupling  and  reduction  of  shunt  signal  (laths. 
This  would  allow  a hl^er  turns  ratio  (hl^er  Inductance)  and,  therefore,  a larger 
signal  level  to  get  over  the  preamp  noise  floor. 
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As  stated  In  2.4.5. 1,  the  primary  head  limitation  In  Ftc'cord  is  the  slew  rate,  [n  play- 
back, the  same  physical  parameters  are  limitations  but  affect  the  head  in  a different 
way.  The  "H"  and  "L"  of  the  single  turn  have  a dramatic  effect  on  the  low  frequency 
roll-off  of  the  head.  In  the  near  Ideal  state  where  "H"  is  the  total  resistance 

in  the  single  turn  andtol.  is  the  resistance  of  the  segment  of  turn  passing  thru  the 
matching  transformer.  The  method  to  achieve  the  condition  where  wll 

known.  By  increasing  the  number  of  turns  on  the  Input  of  the  transformer,  the  in- 
ductance looking  into  the  input  of  the  matching  transformer  is  greatly  increased.  Un- 
fortunately this  lowers  the  overall  voltage  gain  of  the  head  which  requires  more  turns 
thru  the  .small  hole  under  the  vertex  of  the  head  which  normally  is  limited  to  one  turn. 
A multi-turn  structure  Increases  the  construction  difficulties  quite  rapidly  although  on 
several  systems  this  technique  has  been  employed  successfully.  .A  summarization  is 
shown  in  Figure  30. 

2.4.0  Itecord/Play  Head  Efficiency 

'I  he  efficiency  of  the  head  in  record  is  of  small  concern  and  in  playback  of  primary 
concern.  .A  summarization  is  shown  In  Figure  31. 

2.4.6. 1 liecord  Efficiency 

'I  his  Is  not  a problem  as  long  as  sufficient  record  drive  Is  available  and  the  record 
current  slew  rate  Is  not  limiting  the  peak  current  needed.  .A  limit  which  we  have  not 
yet  hit  Is  head  core  flux  saturation  (Bs).  If  tapes  with  coercivitles  of  700  Oersteds  or 
hl^er  are  used,  or  If  the  present  record  head  efficiency  Is  reduced,  Bs  could  become 
a materials  problem, 

2. 4. 6.  2 Playback  Efficiency 

The  playback  efficiency  Is  limited  In  two  major  areas;  the  gap  shunt  loss  and  the  core 
losses.  Both  areas  can  be  attacked  by  Investigating  head  construction  design  changes 
and  the  core  losses  can  be  attacked  by  investigating  better  magnetic  materials. 
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Figure  30.  Playback  Matchiag 
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Figure  111.  Record/Play  Head 


a.  GAP  SHUNT  LOSS.  A classical  limitation  of  a standard  magnetic  playback  head 
Is  the  read  flux  lost  In  the  read  gap.  No  fundamental  change  has  ever  been  made  to  the 
basic  design  structure.  All  playback  heads  have  a set  of  pole  tips  separated  by  a gap 
space.  The  gap  size  varies  directly  according  to  the  resolution  requirements  of  the 
system  which  causes  a reduction  of  the  read  S/N.  Recent  material  and  new  machining 
technique  developments  have  negated  the  effect  somewhat  by  allowing  the  pole  face 
depth  to  be  greatly  reduced.  The  efficiency  of  the  read  head  magnetic  circuit  Is  con- 
trolled by  the  ratio  of  the  reluctance  of  the  core  and  the  reluctance  of  the  gap.  For 
an  Ideal  situation  all  the  flux  from  the  tape  should  pass  thru  the  coll  which  will 
generate  the  output  real  voltage  E. 


•TOTAL 


Some  flux,  however,  is  shorted  out  by  the  front  gap  and  is  therefore  lost  and  of  no 
use  whatsoever.  It  Is  apparent  that  the  efficiency  of  the  aperature  (GAP)  t3rpe  head  Is 
a function  of  the  pole  face  depth  (PFD)  to  gap  size  ratio  (see  table).  Historically  this 
value  has  been: 


AUDIO 

VIDEO 

HDMR 

PROPOSED 

GAP 

lOOu" 

60u" 

I2u" 

8u" 

PFD 

.005" 

.0025" 

. 0008" 

. 0003" 

RATIO 

50/1 

40/1 

66/1 

38/1 

r 

1 


The  general  expression  for  head  efficiency  can  be  derived  by  writing  the  equation  for 
the  flux  (^)  division  as  It  passes  Into  the  tape  head  and  divides  up  Inversely  proportional 
to  the  reluctances. 


The  equivalent  circuit  for  the 


gap  reluctance  of  a magnetic  head  Is: 


0^  = total  flux 

= flux  In  core 

0 Fg  ~ frontgap 

0 - F/R 


EFF 


X 100 


E = 


1 R. 


1 + R, 


where 


% 


= 0 


R 


For  Alfecon,  at  frequencies  above  50  KHz,  the  classical  method  of  computing  Rq 
from  known  parameters  Is  useless  because  the  solid  core  material  has  most  of  Its 
flux  concentrated  In  the  skin  of  the  material.  The  approach  used  to  calculate  head 
efficiency  Is  to  establish  a Ratio  between  Rc  and  Rg. 
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This  was  done  on  a video  head  by  measuring  the  output  read  level  at  a pole  face  depth 

2 0 

of  2. 0 mil  and  then  at  1. 0 mil.  The  playback  voltage  ratio  = 0.  T*"  pole  face  depth. 


Effi  (2.0) 
Eff2  (1.0)  " 


Measured  sample  @ 9MHz  (160*  ”\) 


1/2 


Eff„ 


R 


Reluctances  = ' 


SL 


1 + R 

] 

"r 


K2 


gl  t 


R o + 
g2  C 


E„  2R  „ + R^ 
ff-,  g2  C 


.7 


= 1.33 


ff  1 + 1.33 


= .43  = 43% 


The  value  43%  is  the  efficiency  of  a commercial  video  head.  The  head  structure  is 
very  similar  to  what  is  used  for  HD  MR  type  heads.  Such  measurements  and  calcu- 
lations are  planned  for  our  structure  to  establish  a bench  mark  at  least  for  head  play- 
back efficiency. 


Since  the  head  performance  (Eff)  Is  Inversely  related  to  the  poleface  depth,  major  ef- 
forts can  be  applied  to  application  of  new  head  construction  techniques  which  resuh  In 
pole  face  depth  less  than  . 0005".  It  becomes  obvious  that  such  a structure  cannot  bo 
a free  staixling  cantilever  structure  which  historically  Is  prone  to  collapse.  Also, 
machining  to  such  sizes,  althou|^  not  Impossible,  causes  reject  rates  of  head  clusters  to 
become  very  hlg^i.  Other  Innovations  offer  design  advantages  where  the  pole  face 
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depth  ts  an  integral  and  homogenous  part  of  the  head  track  having  say  . 0002"  magnetic 
depth  but  offers  . 002-005"  structural  depths.  Such  designs  do  exist.  Incorporation  of 
those  design  will  require  creative  engineering  and  will  be  a challenge. 

b.  GAP  MATERIA1.S.  Quartz  and  Alumina  gaps  are  nominally  fine  for  wear  and 
gapping.  If,  however,  a gap  material  could  be  used  which  had  a magnetic  permeability 
of  less  than  unity,  it  would  Impede  the  flux  flow  across  the  gap  and  yield  a more  ef- 
ficient magnetic  transducer.  Only  one  material  is  presently  known  to  offer  an  ad- 
vantage in  this  area;  namely,  bismuth  alloys. 

c.  HEAD  COKE  MATERIALS 
1.  Alfecon  IV  (A  IV) 

KCA  is  presently  pursuing  a better  magnetic  head  core  material  for  its  video  head  ap- 
plication. A material  designated  A IV  is  being  made  at  the  RCA  David  Samoff  Research 
Laboratories.  The  material  is  being  developed  to  provide  long  head  life  and  greater 
magnetic  efficiency  (lower  write  current  (IR)  and  hippier  read  voltage  (FM  Vpg)).  Test 
and  descriptive  data  on  A IV  material  must  be  withheld  (lending  (latent  application. 

Test  data  on  a head  made  with  A IV  is  available  and  presented  below. 


Parameter 

All 

AIV 

A 

Ir 

59  MApp 

.15  MApp 

-4.5  dB 

FM  VpB 

0.15 

0.45 

+9  db 

VID  S/N 

48.9 

49.8 

+0.  9 dB 

The  most  significant  test  result  is  that  the  off-ta(ie  read  voltage  (FM  Vpg)  tripled. 
This  9 dB  Improvement  (at  10  MHz)  is  less  significant  in  the  video  recorder;  0.  9 dB 
being  the  video  S/N  Improvement. 
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The  reason  for  only  0. 9 dB  Is  that  the  video  recorder  Is  reading  tape  noise.  The  pre- 
sent HDMR  system  is  10  dB,  or  more,  short  of  reading  tape  noise.  The  -tO  dB  gain  in 
head  output  will  jdeld  a 9 dB  g^ain  in  S/N  if  this  gain  also  applies  at  the  lower  frequencies  of 
1-6  MHz.  This  must  be  evaluated  by  HD  MB  head  testa  using  A IV. 

2.  Granular  Magnetics 

Another  area  of  magnetic  materials  research  that  RCA  was  investigating  in  1970-1972 
is  granular  magnetics^'  ^ where  two  or  more  materials  are  co-sputtered  in  variable 
mixtures  to  form  new  amopborus  materials  which  are  very  fine  grained  and  have  high 
permeability  and  resistivity.  This  technique  is  presently  limited  to  thin  films  of  less 
than  a few  thousanths  of  an  Inch.  This  thickness  is  adequate  for  the  skin  thickness  as- 
sociated with  metal  head  magetlcs  in  the  1-10  MHz  range  and  lends  itself  readily  to 
co-sputterlng  of  new  magnetic  materials  onto  the  present  head  configuration  In  the 
areas  where  the  magnetic  flux  flows;  the  gap,  pole  tips  and  single  turn  hole.  This  ef- 
fort was  dropped  In  1972  before  any  conclusions  were  made.  We  should  pick  up  where 
It  left  off  and  try  a couple  of  experiments  based  on  these  prior  Ideas. 

The  first  two  attempts  should  use  a quartz  target  overlayed  with  strips  of  80/20  per- 
malloy and  50/30  peralloy.  Heads  made  with  these  two  blends  could  then  be  tested  and 
an  evaluation  made.  Scanning  Electron  Microscope  (SEM)  photos  should  also  be  taken 
to  analyze  the  alloy  and  crystal  growth  patterns. 

3.  Mechanical  Alloying 

Mechanical  alloying^,  is  cold-welding  a mixture  of  metal  powders,  which  produces  a 
medium  to  large  grain  alloy.  No  specific  alloy  is  under  consideration  at  this  time. 

4.  Splat  Cooled  Alloys 

Another  technique  for  making  a very  hard,  amorphous,  fine-grained  alloy  is  splat  cool- 
ing. In  this  process  a molten  metal  mixture  Is  dropped  Into  water  (to  make  round  wire) 


\ 

i 
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or  onto  a spinning  drum  (to  make  flat  wire).  Allied  Chemical  of  New  Jersey  Is  pre- 
sently developing  a "Metglas"  material  which  has  the  following  properties: 

Coerclvlty  (He)  0.01  oersteds 
Resistivity  (p)  200  X 10“®  ohm-cm 
Saturation  (Bs)  * 16  K gauss  (X2  A II) 

Magnetostriction  (As)  zero  to  ? 

The  extreme  hardness  and  other  above  factors  give  this  material  a potential  for  mag- 
netic heads.  Two  limitations  It  does  have  may  be  too  serious  to  overcome;  It  only 
comes  In  1 mil  X 1/2  Inch  cross  sections  and  It  goes  crystallne  above  200*C.  Both 
factors  limit  the  construction  technique  which  could  be  used. 

5.  Alloy  Casting 

Alfecon  I,  Sendust,  Alfesll,  etc.  are  products  of  alloy  casting  which  Is  melting  and 
coating  a mixture  of  metals  In  a vacuum  In  an  Inert  gas  atmosphere.  This  technique 
has  been  the  most  productive  In  the  past  and  In  fact  A II  Is  a hot  pressed  sintered 
version  of  this  technique.  A IV  Is  also  an  outgrowth  of  this  technique. 

2.4.7  Read  and  Write  Field  Interface  Factors 
2.4.7. 1 Write  Interface  (Field) 

The  record  resolution  for  pulse  recording  Is  dependent  on:  record  demagnetization  of 
the  tape,  the  slew  rate  (rise  time)  of  the  flux  field  at  the  gap,  and  the  distribution 
(shape-gradient)  of  flux  field  Intensity  (B)  around  the  gap  region.  Ultimately  all  three 
of  these  parameters  need  to  be  optimized.  The  record  demagnetization  and  slew  rate 
problems  are  treated  elsewhere.  The  remaining  point  of  concern  Is  the  pulse  field 
shape. 

The  Ideal  field  shape  would  be: 
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In  real  life  the  flux  at  the  gap  covers  an  area  much  larger 
More  like; 


The  field  assumes  such  a configuration  due  to  several  factors: 

a.  The  finite  comer  of  the  pole  tip  saturates  causing  the  remaining  line  of  flux 
to  begin  Jumping  the  gap  at  a point  other  than  the  finite  comer  (points  up  and 
down  stream  from  the  gap). 

b.  Lines  of  flux  repel  each  other  and  spread  out  consistent  with  the  path  of 
least  reluctance. 

Several  techniques  such  as  the  "X"-fleld  by  Cameras  have  been  Invented  to  Improve 
the  write  field.  The  X-field  head  employs  an  external  in-phase  field  (cross  field)  which 
improves  the  shape  of  the  trailing  edge  of  the  record  zone,  l.e. , the  transition  from 
high  magnetizing  field  to  a low  level  field  (below  of  the  tape)  is  accomplished  In  a 
much  shorter  physical  distance  from  the  gap.  Cameras  accomplished  this  by  adding 
a second  gap  up-stream  from  the  primary  recording  gap.  The  flux  In  the  second  gap 
and  record  gap  are  so  related  that  a vector  cancellation  of  flux  occurs  downstream 
from  the  gap  which  can  reduce  the  transitional  record  region. 
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'i  hls  technique  could  be  physically  employed  on  a single  50  KB/ln.  channel  but  because 
of  all  the  extra  wires,  gaps  and  drive  electronics  necessary  for  such  a device  It  seems 
very  Impractical  for  an  80  chan. /In.  head. 

Since  the  recording  of  very  short  duration  pulses  Ideally  takes  place  In  less  than  1/10 
of  a bit  cell.  It  seems  possible  to  create  a similar  cancelling  field  by  post  field  shaping 
or  post  erasure.  Such  a technique  would  reduce  the  skirts  of  the  recorded  pulse  and 
Incrt'ase  the  flux  gradient.  Some  experimental  work  has  already  been  done  In  this  area 
at  HCA  and  IBM. 

A summarization  Is  shown  In  Figure  32. 

2 . 4 . 7 . 2 Read  Intc  rface  ( Fie  Id) 

This  area  Is  covered  by  the  many  other  discussions  on  heads.  The  key  Interface  here 
Is  the  head-taix*  Interface  factors. 

A summarization  Is  shown  In  Figure  33. 

2.4.8  Tape  Transport  Configuration 

The  functions  investigated  below  were  to  determine  what  modifications  could  be  made 
to  an  existing  1/2  Inch  wide  computer  transport  and  still  approach  the  original  design 
goals.  The  present  video  recorders  utilizing  2 inch  wide  magnetic  tape  were  revlew-ed 
as  to  their  capability  to  handle  2 Inch  tape  at  180  Inch  per  second  (Ips)  play  speed  and 
360  Ips  shuttle  speed.  The  limiting  factor  for  these  transports  Is  the  hlf^  Inertia  of 
a tension  arm  buffer  system  and  capstan  pinch  roller  combination. 

The  standard  computer  transports,  Honeywell  M0096,  B&H  3700B,  and  Wango  Mod 
1037  are  1/2  Inch  tape  and  are  too  small  to  modify  for  handling  2 inch  tape.  These 
units  are  relatively  slow  In  start/stop  conditions  (5  sec  for  120  ips). 
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2.4.  8.1  Tape  Speed 


The  design  goal  was  to  have  a transport  to  move  tape  In  a play  mode  at  240  Ips  and 
obtain  this  constant  velocity  In  0.  003  sec. 

2.4. 8.2  Tape  Width 

The  feasibility  model  transport  was  designed  to  handle  2.  00  Inch  magnetic  tape.  This 
was  done  because  of  the  availability  and  ready  access  of  reels  and  tape.  The  width 
could  be  larger  than  2.  00  In  but  no  studies  were  made  as  to  their  dynamic  character- 
istics, 

2 . 4 . 8 . 3 Start  /St  op  Pe  rformance 

The  tape  dynamics  of  the  assembled  system  were  calculated  to  determine  the  forces 
[ required  to  accelerate  the  reel/tape  system  to  240  Ips  In  less  than  0.003  sec. 

RCA  feels  strongly  that  fast  start/stop  would  provide  a great  operational  advantage  In 
the  future  system.  Fast  start/stop  and  rapid  search  have  already  been  a key  focal 
point  in  a recent  product  distribution  program.  An  RCA  technology  study  objective 
is  to  advance  low  density  digital  computer  tape  transport  technology  in  high  density 
digital  applications,  for  both  fast  search  (over  400  in/s)  and  fast  start/stop  (less 
than  0.01  seconds)  to  provide  "fast  access"  to  data  frames  stored  on  tape  reels. 

This  concept  has  major  operational  benefits  for  sort  and  random  access  of  serial/ 
chronological  input  data  or  achived  data.  RCA  feels  that  this  technology  should  be 
fuiiher  developed. 

2. 4. 8. 4 Vacuum  Columns 

The  Increase  of  tape  velocity  and  acceleration  Involve  more  than  changing  the  charac- 
teristics of  the  capston  and  reel  motors.  The  basic  law  of  force  = mass  x acceleration 
at  the  hl(d>  tape  speeds  would  give  excessive  ta|)e  tension  during  start/stop  operations. 
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The  basic  element  that  distributes  the  accelerator  forces  and  prevents  these  from 
being  transmitted  to  the  tape  are  tension  arms.  However,  the  force  to  operate  the 
tension  arms  comes  from  the  tape  and  with  even  the  most  advanced  tension  area  de- 
sign the  force  to  operate  exceeds  the  tape  elastic  limit. 

The  method  used  to  meet  the  above  condition  is  to  use  tape  vacuum  columns  to  replace 
the  tension  arms.  In  the  vacuum  column  buffer,  the  tape  Is  stored  In  two  separate 
chambers. 

Ihe  advantage  of  the  vacuum  buffer  is  in  the  absence  of  any  extraneous  mass  other 
than  the  tape  to  accelerate  during  the  start/stop  operation. 


a.  U:NGTH.  Ihe  basic  equation  is  derived  from  the  difference  In  the  tape  length 
over  the  capstan  and  from  the  tape  reel  In  the  time  required  to  get  the  tape  to  maxi- 
mum velocity. 


«Vr(i^-y-i/2V,tj,*i/2v,t_^ 


. Vf  (t„  - - 1/2  V,  (t„  - 


- 1/2  V,  (t„  - 


A I,  1 ape  length  storage  required  until  equalization 


Vj  Final  Velocity  of  tape 


f time  of  ra()staD  acceleration  to  constant  velocity 


|rri»-  ..f  reel  acceleration  to  coastant  velocity 


I'reaent  the  reel  and  bln  equalization  lengths  and  velocity 


TIME  (SECONDS) 


Figure  34.  Tape  Lengths  of  Reel  and  Bln  Equalization 


TIME  (SECONDS) 

Figure  35,  Reel  and  Bln  Tape  Velocities  Interaction 


% 


75 


Two  configurations  of  reel  and  tape  bin  designs  are  shown  in  Figures  36  and  37.  Con- 
figuration B (Figure  37)  conserves  space  but  requires  two  additional  air  bearings  that 
wllll  Increase  the  system  drag. 

b.  VACUUM  REQUIREMENTS.  The  vacuum  requirements  are  dependent  upon  the 
amount  of  "hold  back  tension"  to  obtain  a desired  tension  at  the  tape  heads.  In 
conjunction  with  this  the  tape  drag  over  all  components  must  also  be  considered. 

Tape  tension  heads  - reel  torque  - tape  drag  (entire  tape  path  upstream  of  heads)  - 

Vacuum  column  area  x vacuum  p.  s.  i. 

2. 4.  8. 5 Supply  & Take-up  Reels 

The  reels  are  designed  to  handle  and  store  the  tape  In  a practical  and  efficient  manner. 
They  are  dynamically  balanced  for  hl^  speed  rotation  up  to  approximately  1,000  RPM. 
The  weif^t  should  be  kept  to  a minimum  but  normally  will  be  only  a small  percentage 


CAPSTAN 

DRIVE 


Figure  36.  Reel-Bin  Configuration  A 
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'Igure  37.  Reel-Bin  Configuration  B 


of  the  total  tape  weight.  The  reel  hub  should  be  designed  computable  with  the  reel  In- 
verter and  rotational  speed.  Figure  38,  presents  the  proper  selection  of  tape  reels 
based  on  tape  length  and  thickness. 

a.  MOTOR  SIZE.  The  motor  size  and  torque  Is  limited  by  the  amount  of  force  that 
can  be  exerted  on  a reel  of  tape  before  "cinching"  occurs.  "Cinching”  is  defined  as 
one  or  more  layers  of  tape  adjacent  to  each  other  moving  relative  to  their  original 
wound  position. 

The  chart  of  Slip  resistance  (cinching)  was  plotted  from  a 3M  tape  describing  the 
special  backing  applied  to  instrumentation  tape  to  prevent  "cinching".  The  curve  was 
extended  and  averaged  to  obtain  the  maximum  torque  with  the  minimum  tension. 

Figure  39  shows  that  if  the  tape  is  wound  with  8 oz  back  tension  the  reel  torque,  before 
slip,  is  2,  976  in-oz.  This  value  is  well  above  the  reel-torque  of  1800  in-oz  by  a safety 
factor  of  1. 6.  This  data  must  be  checked  before  the  optimum  acceleration/ 
de-acceleration  tape  system  is  designed. 

b.  SERVO  RESPONSE.  Servo  control  of  fast  start/stop  transports  is  not  a technology 
problem  and  is  considered  a low  risk  hardware  development  task  associated  with  the 
fast  start/stop  technology  development. 

Servo  control  of  commercial  computer  transports  at  120  in/s  with  1-5  sec.  start/stops 
use  present  technology.  It  is  of  little  concern  for  a one- recorder-system,  for  it  is 
strictly  an  internal  recorder  consideration,  affecting  only  the  deflutter/de  jitter  buffer 
size.  Servo  control  of  multiple  recorders  which  must  be  synchronized  bit-for-bit  for 
playback  frame  synchronization  requires  a much  more  sophisticated  servo  system 
when  phase  slew  and  lock  is  required  before  a straight  velocity  lock  is  allowed.  This 
car,  be  a big  operational  problem. 
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Fljjure  39.  Slip  Resistance  of  Back  Coated  Tape 


2.4. 8. 6 Rewind  Performance 


High  speed  rewind  Is  required  to  utlllie  the  Upe  most  efficiently.  It  reduces  the 
reloading  time  cycle  and  allows  more  rapid  searching  for  discreet  data  segments 
within  a reel.  The  rewind  speed  goal  Is  600  Ips  and  requires  7 minutes  to  rewind 
14,000  feet  of  tape  on  a 16  inch  reel. 
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SECTION  3 


PHASE  n FAST  ACCESS  DIGITAL  RECORDER  STUDY 
OF  ALTERNATIVE  TECHNIQUES 

Present  video  recorders  utilizlnK  2-inch  magnetic  tape  were  reviewed  as  to  their 
capabliity  to  handle  2 inch  tape  at  a play/record  speed  of  180  ips  and  a rewind 
(shuttle  speed)  of  360  ips.  Transverse  video  transports  have  a play/record  speed 
of  15  ips  and  a shuttle  speed  of  approximately  500  ips.  These  basic  machines 
have  a start  time  of  0.  4 sec  9 IS  ips.  Start  time  is  the  time  required  for  the 
tape  to  reach  constant  velocity. 

3.1  ADAin^ATION  OF  AVAIIABI.E  HIGH  DENSITY  TAPE  TRANSIKIRT  TECHNIQUES. 

The  present  video  recorders  available  to  nsidify  are  designed  to  handle  2 Inch  tape 
and  16  Inch  diameter  reels.  The  drawback  to  these  transports  is  that  they  use  pinch 
roller  ^capstan  and  tension  arms  to  move  tape  and  control  tape  tension.  This  fact 
alone  does  not  make  it  economically  feasible  to  modify  for  high  tapt-  speeds  due  to 
the  high  inertia  of  the  tension  air  buffer  svstem. 

3.1.1  Start /.Stop  Characteristics 

The  high  start  requirement  of  0.003  second  to  240  Ips  is  not  possible  with  a pinch 
roller /capstan  combination.  The  use  of  vacuum  capstan  In  combination  with  the 
vacuum  column  tape  buffer  system  would  allow  the  acceleration  required. 

The  stop  requirement  would  not  be  as  fast  as  the  start  and  would  be  capable  of 
stopping  the  tape  from  a play  mode  (240  ips)  within  3 feet  of  tape.  The  rewind  mode 
of  600-900  Ips  would  have  to  be  Investigated  due  to  the  tape  cinching  problem  that 
i was  previously  discussed. 
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3.1.2  Shuttle  Hewind  Characteristics 


The  Video  or  High  Density  Transports  are  capable  of  600-700  ips  rewind  speeds 
with  2 inch  tape.  The  present  maxitnum  stop  time  at  400  ips  is  2 seconds  on  a 
fast  rewind  broadcast  video  recorder.  The  effort  to  decrease  the  stop  time  (di 
400  ips  resulted  in  tape  cinching  on  the  reels. 

3.1. 3 Tape  Guidance 

Tape  guidance  on  the  standard  recorder  is  accomplished  by  a fixed  dimension  guide 
post.  The  tape  can  float  between  the  two  edges  of  the  guide  surfaces.  This  varia- 
tion is  in  the  order  of  from  0.001  to  0.005  inch. 

3.2  ADADr.-VTlON  OF  AVAIIAHI.E  COMPUTKR  TAPE  TRANSPORT  TECHNIQUES 

Computer  ti  ansports  are  more  in  line  to  accommodate  the  high  tape  handling 
spetds  but  they  are  only  capable  of  handling  the  narrow  1/2  inch  tape.  The 
RCA  wl.'jX  Tape  Station  was  modified  to  accommodate  2 inch  tape  by  designing 
and  manufacturing  air  bearings  and  vacuum  tape  loop  columns.  A special  vacuum 
capstan  was  installed  to  drive  the  critical  segment  of  tape  past  the  magnetic  heads, 
other  transports  are  relatively  small  to  adapt  to  the  large  motors  required  for  high 
tape  sfH'cds  .and  the  weight  of  the  2 inch  tape*.  The  transports  reviewed  were  the 
Honeywell  Mod  96,  Wango  Mod  1037,  Ampex  FR  Transports,  and  Bell  &■  Howell 
370011.  These  units  all  handle  1 inch  tape  and  with  a start  time  of  approximately 
5 seconds  120  ips. 

3.2.1  .Start/Stop  Characteristics 

1 he  start/stop  characteristics  of  the  computer  transports  are  faster  than  the 
digital  type  recorder  mainly  because  the  tape  is  only  1/2  inch  wide  and  its  low  mass 
is  easy  to  accelerate. 
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3.2.2  Shuttle  Rewind  Characteristics 

High  speed  tape  shuttle  of  500  to  700  ips  allows  location  data  to  be  read  thru  the 
increased  air  film  floating  the  tape  over  the  head.  Stop  time  in  the  order  of  2 
seconds  will  not  danuige  the  tape  nor  cause  tape  pack  cinching. 

3.2.3  Tape  Guidance 

The  tape  for  the  computer  transport  is  biased  to  one  edge  of  the  tape.  This  bias  is 
accomplished  by  several  methods,  canted  guide  posts,  tapered  roller  posts  or 
canted  surface  guide.  The  canted  surface  guide  is  best  because  the  tape  edge  is 
guided  along  a large  surface  (6-8  inches)  and  edge  variations  are  averaged  out 
on  the  contact  surface.  On  all  the  other  guide  systems  the  tape  has  a relative 
small  guide  surface. 


3.2.4  Tape  Stress 

This  again  is  bwer  in  the  computer  transports  due  to  the  lower  forces.  The  stress 
in  the  tape  is  highest  during  start/stop  modes  and  with  the  vacuum  bin  buffer  and 
air  bearing  turn  around  posts.  These  air  guides  reduce  the  tape  drag  to  a minimum 
and  therefore  better  control  of  the  tension  can  be  provided  by  the  reel  servos. 

The  electrical  time  constant  of  the  reel  servo  motor  was  measured  and  transient 
response  calculated.  Although  the  electrical  time  constant  is  greater  than  expected, 
adequate  reel  servo  performance,  based  upon  this  motor,  will  be  obtained.  The 
845X  transport  reel  servo  amplifiers  are  being  evaluated  to  know  the  circuit  details 
from  design,  maintenance,  and  performance  limitation  standpoints. 

3.2.5  Constant  Tension/Low  Flutter  Technique 

A system  has  been  devised  to  remove  the  flutter  which  occurs  in  any  tape 
transport.  This  system  is  to  use  a double  vacuum  bin  on  each  reel  side.  The 
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larger  dejitter/deflutter  buffers.  This  concern  is  definitely  not  a technology  study 
task  and  can  be  satisfactorily  addressed  in  follow-on  programs. 
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Figure  40.  Functions  of  the  Vacuum  Columns 
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3.4  HARDWARE  EXPERIMENTS  PERFORMED 
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The  modified  computer  tape  station  resulted  from  the  Incorporation  of  a 2 Inch 
vacuum  capstan,  2 Inch  wide  tape  vacuum  columns  and  bins,  calibrated  reel  motors, 
NAB  type  reel  hubs,  pneumatic  sub-systems,  and  electrical  interconnections. 

Detailed  experiments  were  performed  on  the  vacuum  capstan  torque  and  coefficient 
of  friction  using  back  coated  tape.  Reel  motor  parameters  were  calculated  and 
measured  as  to  their  acceptability  In  the  system. 

3.4.1  Tape  Transport 

It  has  been  concluded  that  the  optimum  transport  design  would  be  patterned  after 
computer  tape  transport  technology  and  thus  continued  effort  need  be  applied.  A 
preliminary  design  layout  Is  shown  In  Figures  41  and  42  for  both  rotary  head  and 
fixed  head  applications. 

3.5  TEST  RESULTS  AND  HARDWARE  DEMONSTRATION 

On  1()  June  1977  RCA  performed  the  requirements  of  SOW,  para.  4.3  by  demon- 
strating several  pieces  of  hardware  to  J.  Petruzelli,  the  COTR.  The  project 
hardware  item  demonstrated  was  a partially  implemented  computer  tajjc  station 
modified  for  2 inch  tape  on  NAB  reels.  The  hardware  demonstration  consisted  of 
reel  motors  running,  vacuum  bins  loading,  vacuum  capstan  running,  capstan  vacuum 
actually  pulling  tape  and  unit  control  operating.  Not  all  of  these  items  were 
coordinated  in  their  operation.  This  Fast  Access  Transport  Is  shown  in  Figures 
43  and  44. 

Two  other  demonstrations  were  presented  to  the  COTR.  The  NASA  240  Mb/s 
breadboard  recorder  system  was  operated  recording  and  playing  back  at  full  data 
rate.  A data  sheet  describing  this  system  Is  shown  In  Figures  45  and  46.  The 
40,000  bits  per  Inch  demonstration  with  the  new  HDMR  head/e lectronlcs  hardware 
Is  outlined  in  Figure  47.  These  two  demonstrations  describe  results  of  contract 
item  OOOIAA,  which  is  complete. 
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F’igure  41.  Versablt  Type  (Rotary  Head)  Transport 
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Figure  44.  Fast  Access  Transport  Capstan/Head  Area 


RCA/NASA  DEMONSTRATION  OF. . . 
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DESCRIPTION 

Ths  RCA/NASA  240  Mb/s  MDMR  demoostrslion  rocorOOf 
consists  0*  sn  PCA  Laodsst  2 inch  rnagneiic  (ape  transport 
mopftieo  (or  ior>g*tuOif^i  recordir>o.  coupted  to  a 142  trscli.2  'trKh 
hOMR  magnetic  bead  120  channels  ot  2 Mb/s 
record/reproduce  electronics  and  a 240  Mb/s 
fTHiitipiSR/demuttipiei  I/O 

The  moditied  tanosat  (ranspon  carries  2000  leei  ot  2 etch  video 
tape  and  operates  at  120  inches  per  second  providing 
approMimatety  3 mmoles  o(  recordingtime  The  record  equalizers 
record  amplifiers  and  playback  preampMiers  have  been 
hybridized  io  mmimtze  me  head ' mectroncs  interlace  volume  and 
to  stiow  (hafn  to  be  physicaSy  close  to  me  heads  A»  other 
electronics  are  on  wire  wrap  or  printed  circuit  cards  The  total 
system  (less  power  supplies)  is  contained  m a smgie  rack 

There  are  two  input  channels  to  the  demonstration  system  each 
accepting  data  at  1 20  Mb/s  For  operational  checks  and  bit  trror 
rate  (BER)  measurements  tnese  inputs  are  ger^erated  by  a 
psaudo  random  word  generaior  A serial  to  parsnei  corwener 
(damuitipteBer)  supplies  t20  parsnei  bits  at  2 Mb/s  per  second 
eech  to  the  i20-chonr>ei  recordtrtg  processor  The  processor 


240  Mb/s 

TAPE  RECORDING 
USING 

HIGH  DENSITY 
MULTI-TRACK 
(HDMR) 
TECHNIQUES 


S Okeci  240  MS/s  reeeei/  reproduce  ueing  sUifle  tape  drtve 

• Over  2 mdlkm  OHS  per  Inch  of  tape 

• Unique  142>lrack  2-fnoh  HOMR  hoed 
S Manderd  2-4neh  magnaMc  tape 

• ttandard  I20lpa  lap#  speed 

S Pu«  dlpNcf  deehew/  defhitler  buffering 

S Ruiy  populated  120  channela  of  record/  roproduee  slectronics, 
eech  hendHng  2 Mb/e 

• 10  * MR  correcteMe  to  10^  vrtth  CDAC 

• On-One  BCR  menWors 


perlorms  the  lururtions  of  NRZ  to-Oeiay  Modulation  conversion 
record  equalization  arvJ  record  head  drive 

The  1 20  reproduce  chanrwis  amplify  fitter  limit  demodulate  to 
NRZ  deskew  ar>d  deftutter  the  read  head  sigr\ais  A parallel  to- 
seriai  corwerter(  muiiiptenar)  then  supplies  two  channels  oi  data 
(at  120  Mb/s  per  chanrwf)  to  two  test  stations  where  6ER  rs 
measured 

System  (immg  feference  (or  both  record  and  reproduce  is  an 
eiternai  1 20  MHz  clock  The  reproducer  s digital  deliutter  circuits 
plus  a capstan  servo  provides  absolute  tune  base  correction  with 
respect  to  me  reference  clock 

The  demonstration  system  does  not  iixrtude  E^'or  Oetectton  snct 
CorrectionfEOAC)  circuitry  which  RCA  had  verified  by  an  earlier 
demonstration  Twenty  two  unused  tracks  are  allocated  tor  the 
rmpiemeniarion  of  EOAC  aryf/or  cu^orrm*  auvriiarv  data  tracks 

A block  diagram  of  the  basic  hardware  is  shown  on  the  reverse 
Side 
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HCA  4 iwo  inch  high  trar.n  density  MDMH  head  is  the  most  uotque  etemeoi  of  tf>e 
»«C>MH  system  vVflh  it  fOMR  tfK  hhiQues  achieve  a tape  ulili/aiion  et1ic»ency  of  mo»e 
than  3 a 1 0*  txts  inch  t>y  pact^mg  ove*  60  tiachs/inch  across  two  mch  tape  A relaltvely 
Dhservative  m trai  ii  densitv  of  000  l>ts/•r^chlsused1omalr)1aln  htgh  Signal  to  noise 
'at«os 

hdmm  heads  a'e  uhiti/ed  Patch  laPncater}  yetsions  of  RCAs  standard  quadropfex 
v.de<j  head  used  thfooghout  the  leorid  m cafT>mercial  letevision  recorders  This  sif>gl« 
iwKo  hot  pressed  rntMai  design  has  had  extensive  use  m severe  environmer^s  is  rx>t 
t'agite  compared  to  lerntes  and  has  eatremety  tong  irte  The  integrity  of  the  head  to 
tape  contact  and  the  We  o*  fhe  head  >$  enhanced  Py  the  etirnmalion  of  ail  extraneous 
tiatenais  at  the  interface  T here  are  no  shiefds  or  pote  tip  supports  ••  nothirtg  touches 
the  tape  Put  the  magrvetic  head  core  itsetf  in  RCA  s taPoraiory  measurements  this  head 
configurarion  has  survived  the  passage  of  x lO*  tael  of  tape  0v3r  the  head  with  rH> 
n^easuraPle  head  wear  riotapedegradalron  and  no  change  m recorder  performance 

RCA  has  Peer  c onimuousfy  evolving  h^rtjwaie  efhcrer^  lechmquas  tor  hDMR  dtgifai 
ptocessir>g  Codmg  dcKroding  equatdalon.  high  rale  muttiptexing.  deskewing,  arsd 
defiunermg  schemes  have  aii  peen  designed  and  imptemeniad  to  handle  up  to  160 
tracks  on  2 KKh  tape  Error  control  lechnxjues  have  also  Peer)  developed  lo  help 
eliminate  the  efiects  of  tape  imperfeciionB  ar)d  provide  a 6ER  of  defter  than  lO  * at  ? 
milkor)  pits  per  square  K)ch 

T rom  here  RCA  is  investigating  means  of  extef)ding  hDMR  iechr)oiogv  to  address  data 
'ales  of  over  t gigaoit  ’ secorm  airporne  hardware  cor)ftguratK)hs  and  a fast  access 
g'ourtd-Oased  transport  RCA  is  also  mvotved  m enwonmentei  lesfihg  of  HDMR  type 
tape  transports  for  Air  force  M)L  E P400  BppkcaiK>n  developmer)!  of  a vecuuo)  pm 
transport  for  uiira  fast  access  time  ar)d  new  magnetic  need  and  record/ reproduce 
eieclroncs  for  60000  Orts/mch 
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Figure  47.  Breadboard  Experiment  Block  Diagram 


3.(5  RECOMMENDATIONS  FORA  FOLLOW-ON  PROGRAM 


A follow-on  program  to  extend  ultra  wideband  digital  magnetic  recording  technology 
to  accommodate  input/output  data  rates  of  1 gigabit  per  second  is  herein  proposed. 
The  Statement  of  Work  sets  forth  the  details  of  the  tasks  which  will  be  performed, 
including  Monthly  Status  Reports  and  Feasibility  Demonstration. 

The  proposal  is  for  the  continuation  of  effort  currently  being  performed  under  RADC 
Contract  F30602-76-C-0183,  under  which  the  concepts  were  developed.  This  effort 
would  Implement  the  concepts  into  a demonstrable  model. 

The  Fixed  Price  Level  of  Effort  Proposal  is  for  a one  (1)  year  program  for 
Engineering  Services,  Technical  Reports,  Breadboard  Development  and  Demon- 
stration. 

The  objective  of  this  program  is  to  develop  magnetic  tape  recording  transport 
technology  necessary  to  extend  wideband  digital  magnetic  recording  to  accommodate 
Input/output  data  rates  of  1 gigabit  per  record.  Concentration  will  be  on  fast 
start /stop/shuttle  technology  with  rapid  access  for  exploitation  purposes.  Data 
block  recording  for  extreme  time  expansion  and  versatility  of  computer  interaction 
is  of  importance.  The  end  item  of  this  program  will  be  a feasibility  demonstration 
of  the  transport  capability  and  a final  report  detailing  the  techniques  developed. 

This  program  is  based  on  and  is  a follow-on  of  a Contract  F30602-76-C-0183 
where  technique  concepts  were  developed  but  not  implemented  into  a working  model. 
The  amoimt  of  data  that  will  be  available  as  a result  of  high  data  rate  communication 
systems  will  cause  gross  changes  in  data  management  techniques  by  the  1980  time 
frame.  Tactical  exploitation  requirements  for  command  and  control  applications 
demand  immediate  or  real  time  readout  capabilities.  The  approach  most  con- 
sistent with  a real-time  or  Instantaneous  readout  is  magnetic  recording.  Although 
techniques  exist  which  can  accommodate  these  data  rates  (laser  holographic),  they 
do  not  possess  a real-time  capability  essential  to  several  situations. 
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This  program  will  take  the  concepts  developed  under  Contract  F30602-76-C-0183, 
with  available  vendor  supplied  experimental  hardware,  develop  a working  model 
transport,  and  evaluate  it.  The  vendor  hardware  will  utilize  10  inch  reels,  NAB 
hubs,  2 inch  tape  and  a 2 inch  head  mount. 

The  tasks  and  technical  requirements  are: 

The  contractor  shall  provide  engineering  services  to  perform  a design,  test,  and 
evaluation  investigation  of  the  concepts  developed  on  project  Contract  F30602-76-C“ 
0183  by  means  of  a breadboard  development  model  transport,  and  a demonstration  of 
this  unit. 

This  new  technology  breadboard  transport  shall  address  the  following  design 
objectives. 

1.  The  application  and  extension  of  computer  transport  technology  for 
start/stop  rates  of  less  than  25  milliseconds  and  shuttle/rewind  rates 
of  600-900  Ips. 

2.  Tests  will  be  made  at  various  operating  speeds;  12,  24,  120  and  240  ips. 

3.  Head-Tape  interface  performance  compatible  with  40,000  bits/inch, 
lO”  bit  error  rate  and  potential  for  greater  than  1 Gb/s  total  transfer 
rates. 

Specific  sub-tasks  are  fabrication  of  hardware  designs  and  concepts  from  Contract 
F30602-76-C-0183,  including  1 vacuum  capstan,  transport,  reels  and  magneUc  head. 

Engineering  tests  and  evaluation  of  transport  performance  for: 


1.  Head-Tape  Performance;  Measure  tape  skew,  jitter,  flutter,  tension 
and  wave  length  response  by  means  of  a 2 inch  test  head  and  other 
appropriate  instrumentation. 


2.  Access  Time.  Measure  start  time,  stop  time  for  operational  speeds  from 
12  to  240  ips.  Measure  starttime  and  stop  time  to/from  search  speeds. 

3.  On  basis  of  above  data,  develop  design  specifications  for  a 16  inch  reel 
unit. 

Data  to  be  provided  are  Monthly  R&D  status  reports  and  a Technical  report  (final 
report).  The  technical  report  shall  detail  the  project  results. 

Residual  hardware;  Most  of  the  project  hardware  will  be  vendor  supplied.  The 
minor  remaining  hardware  purchased  on  this  program  will  remain  with  the  vendor 
hardware. 
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SECTION  4 


HAZARD  ANALYSIS  REPORT 

The  only  deliverable  Items  transmitted  by  the  contractor  per  this  contract  are  this 
final  report  and  the  preceedlng  monthly  reports  and  thus  there  Is  no  need  for  a 
Hazard  Analysis  Report. 
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APPENDIX  A 


ERROR  RATE  FOR  SINGLE  CHANNEL  FAILURE 


The  Error  Detection  and  Correction  technique  selected  for  a 126  track  system  has 
the  capability  of  maintaining  the  specified  error  rate  In  one  of  the  EDAC  channels 
and  a reasonable  error  rate  In  the  other  channel  when  a track  channel  failure 
occurs.  Without  the  EDAC  the  failure  rate  would  become  very  large  If  one  of  the 
recorder  channels  failed.  For  no  EDAC  and  the  data  spread  over  112  channels  the 
error  rate  would  become— x ~ considers  that  even  for  a 

failed  channel  the  playback  circuitry  assumes  either  a 1 or  0 and  thus  one-half  of 
the  time  would  be  correct.  With  EDAC,  when  a channel  falls  the  EDAC  system  not 

affected  will  still  meet  a 1 x lo"®  bit  error  rate.  The  total  BER  would  only  degrade 

“5  “5 

to  0.8  Pg  of  approximately  2 x 10~  the  system  error  rate  would  become  1.6  x 10 

which  would  still  provide  operation  with  a reasonable  error  rate.  Without  EDAC 

-3 

the  affected  channel  error  rate  would  be  4.5  x 10  , with  EDAC  the  decrease  to 

1.6  X lO”^  is  a 280  to  1 Improvement  In  system  error  rate.  The  following 
calculations  show  the  derivation  of  the  above  numbers. 

The  dropout  error  model  used  Is  that  discussed  In  the  analysis  of  the  system  error 
rate  for  the  126  channel  system.  The  system  error  rate  without  a failed  channel 
was 

P = 1.6  X 10"'*P  + 1.48  X lO^P  ^ + 6.64  x 10"^P^^ 

see© 

When  a failed  channel  occurs,  the  data  In  that  channel  will  be  Incorrect  one-half  of 

the  time.  If  no  other  errors  occur  In  other  channels  the  EDAC  will  correct  the 

data  In  the  failed  channel.  If  other  errors  occur,  the  EDAC  will  be  unable  to 

correct  both  the  errors  of  the  tolled  channel  and  those  caused  by  other  sources 


such  as  tape  dropout.  The  number  of  times  that  errors  occur  will  be  1/2  P^; 

when  they  occur  there  will  be  two  uncorrected  errors  plus  an  average  of  1. 2 bits 

made  Incorrect  by  the  EDAC  subsystem.  The  overall  system  error  rate  becomes 

P = 1.6  P 
s e 

for  the  EDAC  system  with  the  failed  channel.  The  total  recorder  BER  than  will 

be  1/2  the  1,6  P bits  or  0.8  P . 

e e 
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APPENDIX  B 


REEL  SERVO  DESIGN 

The  electrical  time  constant  of  the  reel  servo  motor  was  measured  and  transient 
response  calculated.  Although  the  electrical  time  constant  is  greater  than  expected, 
adequate  reel  servo  performance,  based  upon  this  motor,  will  be  obtained.  The 
845X  transport  reel  servo  amplifiers  are  being  evaluated  to  know  the  circuit  details 
from  design,  maintenance,  and  performance  limitation  standpoints. 

1.  Electrical  Time  Constant  Measurement  - The  reel  servo  loop  design  requires 
knowledge  of  all  component  parameters.  Although  fairly  complete,  reel  motor  data 
has  been  obtained  from  G.  E.  (Fort  Wayne,  Ind.),  the  electrical  time  constant  was 
not  included. 

The  test  for  measuring  this  parameter  was  conducted  at  a fairly  high  current  level 
to  insure  that  the  non-linearities  of  the  computator-brush  interface  did  not  mask 
the  results.  The  rotor  was  clamped  to  prevent  motion  and  the  field  was  not 
connected. 

The  measured  time  constant  with  1.5  ohms  external  resistance  was; 

5.0  ± 0.1  millisec. 

Since  the  armature  resistance  is  0.44  ohms,  the  Inductance  is; 

L = .005  (.44  + 1.5)  = 0.00975  henry 

and  the  fundamental  motor  electrical  time  constant  (without  external  resistance)  Is; 
0.00975/0.44  ==  22.16  millisec. 
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2.  The  above  measurement  allows  calculation  of  the  motor-reel  transient 
response.  This  gives  a measure  of  upper  bound  performance. 


The  subsequent  calculations  include  the  electrical  time  constant  but  consider  the 
time  to  reach  240  ips  (48  radian  per  sec)  from  standstill. 


In  the  following  calculations,  symbols,  values  and  units  are  given  in  Table  B-1. 


The  morot  terminal  voltage  is: 

V = IR  + L-^  + 

dt  B 


(B-1) 

(B-2) 


In  l.aplace  notation  Eq.  (1)  can  be  written  as: 


(s)  =■ 


1 


Ut  2 
s + 


Vb 


S + 1 


For  imaginary  roots  of  Eq.  (3) 
s = -a  ± jb 
The  step  response  Is: 


VE“®^  V 

(t)  = — j—  (-a  sin  bt  -b  cos  bt)  + ; — 

"b'’  ''b 


(B-3) 


(B-4) 


(B-5) 


Substituting  from  Table  B-1  and  solving  for  t^,  the  time  when  the  motor  with  full 
reel  reaches  48  radians/sec. , 
tj  = 65.9  millisec. 


The  peak  current  and  time  of  peak  current  can  be  found  by  differentiating  Eq.  (B-5) 
and  using  Eq.  (B-2).  The  current  peaks  to  78.8  amps  at  42.7  millisec. 
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This  current  appears  excessive.  Most  tests  by  GE  were  conducted  with  one  ohm 
external  resistance  In  the  armature  circuit.  Maximum  current  was  29  amperes. 

At  this  level,  saturation  appears  to  have  barely  started.  While  It  is  thermally  safe 
to  allow  higher  currents  for  short  times,  the  saturation  curve  Is  unknown.  Based 
upon  the  data  available.  It  seems  that  reasonably  linear  torque  vs.  current  to  40  or 
50  amperes  Is  likely. 

The  current  transient  is  sketched  In  Figure  B-1.  It  Is  concluded  that  the  motor 
transient  response  is  compatible  with  tape  bln  storage  and  fast  loop  length  control 
within  narrow  length  limits. 
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TABLE  B-1 


MOTOR- RE  EL  PARAMETERS 


SYMBOL 

DESCRIPTION 

UNITS 

VALUE 

Motor  Torque  Constant 

In  Ib/amp 

4.25 

‘‘b 

Motor  Back  EMF  Constant 

volt/rad  per  sec. 

0.48 

R 

Motor  Armature  Resistance 

ohm 

0.44 

L 

Motor  Arm.  Inductance 

hen  ry 

0.00975 

■^M 

Motor  Rotor  Inertia 

in  lb  sec^ 

0.28 

J 

r 

Reel  (Full)  Inertia 

2 

In  lb  sec 

.34 

■^T 

Total  Inertia 

In  lb  sec^ 

.368 

V 

Applied  Voltage 

volts 

48 

1 

Motor  Current 

amps 

— 

(t) 

Motor  Speed 

rad/sec 

0,0659 

Time  to  Reach  48  Rad/Sec 

sec. 
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Figure  B-1.  Calculated  Motor  Current  Transient  to  Reach  48  RAD/SEC  (240  ips)  from  Standstill 


